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Guidancefor Industry*

Developing M edical Imaging Drugs and Biological Products

l. INTRODUCTION

This guidance is intended to assst developers of medica imaging drugs or biological products (medical
imaging agents) in planning and coordinating their clinica investigations and preparing and submitting
investigational new drug applications (INDs), new drug applications (NDAS), biologics license
gpplications (BLAS), abbreviated NDAs (ANDAS), and supplementsto NDAs or BLAS.

Medica imaging agents generdly are governed by the same regulations as other drugs or biologica
products.? However, as described in this document, many medical imaging agents have speciad
characterigtics that can help guide developmentd efforts. This guidance discusses some of these specid
characteristics and consders how development for medical imaging agents can be tailored to reflect
those characteridtics. Specificaly, this guidance discusses the following issues:

1 Potentid labeled indications for medica imaging agents and the nature of promotiond
materials for such daims®

2. Methods by which each of these labeled indications can be established

3. Specid congderationsin the clinical evauation of efficacy

! This guidance has been prepared by the Division of Medical Imaging and Radiopharmaceutical Drug Products
in the Center for Drug Evaluation and Research (CDER) and the Office of Therapeutics Research and Review in the
Center for Biologics Evaluation and Research (CBER) at the Food and Drug Administration. This guidance
represents the Agency:s current thinking on devel oping medical imaging drugs and biologics. It does not create or
confer any rights for or on any person and does not operate to bind FDA or the public. An alternative approach may
be used if such approach satisfies the requirements of the applicable statute, regulations, or both.

2 Sponsors devel oping medical imaging agents should be familiar with Agency regulations and guidances
pertaining to the development of these products.

% The termsclai m, indication, and indication for use are used interchangeably in this guidance.
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4, Specid consderationsin the clinical evauation of safety

A glossary of common terms used in diagnostic medica imaging is gppended to the end of this
document.

In response to the requirements of the Food and Drug Administration Modernization Act of 1997, FDA
recently amended the drug and biologics regulations for one category of medica imaging agents by
adding provisons for the evauation and approva of in vivo radiopharmaceuticas used in the diagnoss
or monitoring of diseases (64 FR 26657, May 17 1999). This guidance elaborates on the concepts
contained in that find rule on radiopharmaceutica diagnostic products.

. SCOPE — TYPESOF MEDICAL IMAGING AGENTS

This guidance applies to medica imaging agents that are used for diagnosis or monitoring and thet are
adminigered in vivo. Induded are medica imaging agents used with medica imaging techniques such as
radiography, computed tomography (CT), ultrasonography, magnetic resonance imaging (MRI), and
radionuclide imaging. The guidance is not intended to apply to the development of in vitro diagnogtic
uses, or to therapeutic uses of these agents.

Medica imaging agents can be classfied into two generd categories.
A. Contrast Agents

Contrast agents improve the visualization of tissues, organs, and physiologic processes by
increedng the relaive difference of imaging Sgnd intendties in adjacent parts of the body.
Products include, but are not limited to (1) iodinated compounds used in radiography and CT;
(2) paramagnetic metdlic ions (such asions of gadolinium, iron, and manganese) linked to a
variety of molecules and used in MRI; and (3) microbubbles, microaerosomes, and related
microparticles used in diagnostic ultrasonography.

B. Diagnostic Radiophar maceuticals

Asdefined in 21 CFR 315.2 and 601.31 for diagnostic radiopharmaceuticals and as used in this
guidance, adiagnostic radiopharmaceutical is (a) an aticle that is intended for usein the
diagnosis or monitoring of adisease or a manifestation of a disease in humans and that exhibits
gpontaneous disintegration of ungtable nucle with the emisson of nuclear particles or photons or
(b) any nonradioactive reagent kit or nuclide generator that is intended to be used in the
preparation of such an aticle. The FDA interprets this definition to include articles that exhibit
gpontaneous disintegration leading to the recongtruction of unstable nuclel and the subsequent
emission of nuclear particles or photons (63 FR 28301 at 28303; May 22, 1998).
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Diagnodtic radiopharmaceuticals are radioactive drugs or biologicd products that contain a
radionudlide thet may be linked to aligand or carrier.* These products are used in planar
imaging, single photon emission computed tomography (SPECT), positron emisson tomography
(PET), or with other radiation detection probes.

Diagnodtic radiopharmaceuticals used for imaging typicaly have two distinct components.

1. A radionuclide that can be detected in vivo (e.g., technetium-99m, iodine-123,
indium-111). The radionuclide typicaly is aradioactive molecule with a
relatively short physical haf-life that emits radioactive decay photons having
sufficient energy to penetrate the tissue mass of the patient. These photons can
then be detected with imaging devices or other detectors.

2. A nonradioactive component that ddlivers the molecule to specific areas within
the body. This nonradionuclidic portion of the diagnostic radiopharmaceutica
often is an organic molecule such as a carbohydrate, lipid, nucleic acid, peptide,
smdl protein, or antibody. In generd, the purpose of the nonradioactive
component isto direct the radionuclide to a specific body location or process.

1. INDICATIONSFOR MEDICAL IMAGING AGENTS

Medica imaging products are used clinicaly in many diverse ways, and this guidance outlines certain
types of potential labeled indications for these agents. For example, some medica imaging agents are
not intended to provide disease-specific information but are intended to characterize structural or
functional manifestations common to severa diseases. 1n such cases, the proposed indications for these
products may refer to structura or functional assessments that are common to multiple diseases or
conditions. In al cases, the effectiveness of amedica imaging agent is assessed by evauating its ability
to provide useful dinica information related to its proposed indications (see Section V).

Thelabded indications for medicad imaging agents can fal within the following generd categories:

Structure delinestion

Functiond, physologica, or biochemica assessment
Disease or pathology detection or assessment
Diagnodtic or thergpeutic patient management

These claims need not be mutudly exclusive, and gpprova may be possible for clams other than those
listed (see Section I11.E). Each of these claimsis described in the following sections asis the nature of

*Inthis guidance, the termsligand and carrier refer to the entire nonradionuclidic portion of the diagnostic
radiopharmaceutical.
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promotional materias based on each of these labeled indications. Ways in which each of these labeled
indications can be established are described in Section V.

A. Structure Ddlineation

As described in the following sections, two types of labeled indications for structure delinestion
are possible: (1) locating and outlining norma anatomic structures and (2) distinguishing between
norma and abnorma anatomy.

1. Locating and Outlining Normal Anatomic Structures

A medica imaging agent approved for this type of indication should be able to help
locate and outline norma anatomic structures. The product aso should help darify the
gpatid relationship of the visuadized norma structure(s) with respect to other body parts
or structures.

Such amedica imaging agent can be developed to distinguish a normd sructure that
cannot be seen well with other imaging agents or moddities. For example, a contrast
agent can be developed to image the normd parathyroid glands, which could help a
surgeon plan and perform surgery for amass in the thyroid gland. Products that help
ddineate normd anatomic variants dso can beincluded here. An example of thistype
of product is an agent that ddlineates norma variants of coronary anatomy.

A medica imaging agent with this labeed indication enhances visudization of anormal
anatomic structure or its variants and facilitates an understanding of the relationship of
the norma visudized structure to other structures. Promotiona materials based on this
labeled indication should not imply that the product can be used to digtinguish normal
and abnormal anatomy, or that the product can be used to detect or assess disease or
pathology. The materids should not imply that the product has been shown
experimentaly in adequate and well-controlled investigations to lead to more
goppropriate diagnostic or thergpeutic management decisonsin patients. These types of
intended uses fall within other indications (see sections I11.A.2, 111.C, and 111.D).

2. Distinguishing Between Normal and Abnormal Anatomy

A medica imaging agent approved for this type of indication should be able to help
locate and outline both norma and abnorma anatomic structures. The agent dso
should hdlp to darify the spatid relaionships of the norma and anorma anatomic
structure(s) with respect to other body parts or structures. This type of indication
gpplies to gtuations where the mechanism by which the abnormad anatomy is visudized
issufficiently smilar to the mechanism by which the norma anatomy isvisudized. This
type of indication does not apply to agents whose mechaniam of visudization is
dependent on the presence of an abnormality.
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An example of thistype of agent is one that nonspecificaly enhances the airway lumen
and that is being developed to help determine the digtribution of bronchiectasis. The
agent might be able to digtinguish dilated bronchi from norma bronchi and categorize
the bronchiectass anatomicadly (e.g., as cylindric, sacculated, or fusform). Smilaly, a
medica imaging agent that nongpecificaly enhances the joint cavity might be developed
to evauate menisca or ligamentous injuries of the knee. Products that help delinegte
anomalous variants of norma anatomy can aso beincluded here (e.g., a product that
hel ps define the anatomica reationships of avascular ding that compresses the trachea
or esophagus). In generd, norma and abnorma gtructures are visudized by smilar
mechanisms in agents with thisindication. If the mechanisms of visudization depend on
the presence of the abnormality, a different indication would be more appropriate.

A medica imaging agent with this labeled indication helps distinguish between normd
and abnorma anatomy or adsin the identification of variants or anomdies of norma
anatomy. Promotiona materials based on this labeled indication should not imply,
beyond the description of the abnorma anatomy, that the product can be used to detect
or assess disease or pathology, such astumors or abscesses. Promotiona materias
should not imply that the product has been shown experimentally in adequate and well-
controlled investigations to lead to more appropriate diagnostic or therapeutic
management decisonsin patients. These types of intended uses fdl within other
indications (see Sections 111.C and 111.D).

A medicd imaging agent that is intended to delineste pathologic structures, such as
tumors or abscesses, should seek alabeled indication of disease or pathology
detection or assessment or diagnostic or therapeutic patient management, rather
than thisindication.

B. Functional, Physiological, or Biochemical Assessment

A medica imaging agent intended to provide functiond, physiologicd, or biochemica
assessment should be able to evauate the function, physiology, or biochemistry of atissue,
organ system, or body region. Functiona, physiologica, and biochemica assessments are
designed to determine if the vaue of a measured variable is normd or abnormd. Thistype of
indication applies to agents used to detect elther a reduction or magnification of a normal
functiond, physiologica, or biochemica process. Theindication of functional, physiological,
or biochemical assessment is limited to assessment of functiond, physologicd, or biochemicd
processes when disturbances of these processes are common to several diseases or conditions
and they are not diagnostic for any particular disease or condition. When these circumstances
are not present, indications of disease or pathology detection or assessment or diagnostic or
therapeutic patient management should be sought (see Sections I11.C and I11.D).
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Examples of functiond, physiologicd, or biochemica assessments include measurement of
cardiac gection fraction, assessment of regiona cerebral blood flow, evauation of myocardia
wall motion, and assessment of anaerobic metabolites to evauate tissue ischemia

A damdf functional, physiological, or biochemical assessment should not be sought by
gponsors who wish to develop amedica imaging agent for any of the intended uses listed here,
because these types of uses fal within other indications (see Sections 111.C and 111.D):

1 To establish adiagnosis by detecting or assessing the function, physiology, or
biochemistry of atissue, organ system, or body region

! To detect or assess an abnormality of function, physiology, or biochemidry thet is
diagnogtic for a disease or condition

1 To detect or assess an abnormadlity of function, physiology, or biochemistry thet is
diagnodtic for a pecific disease or condition in the defined clinica setting for which the
test will be indicated and used

1 To detect or assess functiona, physiological, or biochemica processes that are not
expressed by the normal organ system, tissue, or body part

A medicd imaging agent with an indication of functional, physiological, or biochemical
assessment facilitates assessments of function, physiology, or biochemistry. Promotiond
materia's based on this labeed indication should not imply that the product can be used to
detect or assess disease or pathology such as tumor or abscesses. The promotiona materias
should not imply that the product has been shown experimentaly in adequate and well
controlled investigations to lead to more gppropriate diagnostic or thergpeutic management
decisonsin patients. These types of intended uses fal within other indications (see Sections
111.C and D).

For example, amedica imaging agent can be developed under the claim of functional,
physiological, or biochemical assessment to assess cardiac gection fraction, and it can be
studied in subjects with a broad variety of representative cardiac diagnoses. Promotional
materias for such a product based on this labeled indication can specify that the product
facilitates the evauation of gection fraction, but these materials should not imply thet the
product can be used to establish a diagnosis or to determine the cause of myocardia
dysfunction. However, if the medical imaging agent is being developed to detect or assess
dose-rdated cardiac toxicity from anthracyclines (e.g., doxorubicin), or if promotiona materias
will be based on such alabeled indication, it should be studied under the indication disease or
pathol ogy detection or assessment in sufficient numbers of subjects who have received
anthracyclines (see Section [11.C).
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C. Disease or Pathology Detection or Assessment

A medica imaging agent intended for disease or pathology detection or assessment should be
ableto assg in the detection, location, or characterization of a specific disease or pathological
dtate in adefined dinica setting.” The medical imaging agent can be used done or in
combination with other diagnostic procedures to achieve this labeled indication.

Examples of medica imaging agents for which this type of indication would be appropriate
include (1) an agent that can bind to a brain receptor and is being developed to detect or
asess a specific neurologica disease and (2) aradiolabeled monoclona antibody that can
attach to atumor antigen and is being devel oped to detect or assess atumor.

A medica imaging agent with this labeled indication facilitates detection or assessment of a
specific disease or pathology in the defined dlinical setting in which it was studied. Promotiond
materias based on this clam should not imply that use of the product has been shown
experimentaly in adequate and well-controlled investigations to lead to more appropriate
diagnostic or therapeutic management decisions in patients or to improved dlinical outcomes®
Thistype of intended use fdls within another indication category (see Section 111.D).

D. Diagnostic or Therapeutic Patient Management

A medica imaging agent that isintended for an indication of diagnostic or therapeutic patient
management should improve diagnostic or therapeutic patient management decisons when
used in adefined dinical setting.” To obtain this indication, adequate and well-controlled
investigations should demondtrate experimentdly that patient management decisons are, in fact,
improved by use of the medica imaging agent (see Section 1V.D.4). The medicad imaging agent
can be used done or in combination with other diagnostic procedures to achieve this labeled
indication.

Examples of medica imaging agents for which this type of indication would be appropriate
include products that have been shown experimentally to improve decisions about whether
patients should undergo diagnostic coronary angiography (i.e., use for diagnogtic patient
management) or be treated by tumor resection instead of with chemotherapy (i.e., use for
thergpeutic patient management). Labeing indications for these examples might include
gatements that the medica imaging agent isindicated to help determine the need for coronary
angiography or to assist in the evaluation of tumor resectability.

® See Section IV.C for adefinition of defined clinical setting.
® Asused in this guidance, clinical outcomes refersto changesin patient symptoms, functioning, or survival.

" See Section IV.C for adefinition of defined clinical setting.
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Promoationd materias based on thistype of |abeled indication may describe how the medical
imaging agent assgsin diagnogtic or thergpeutic patient management.

E. Multiple or Other Indications

The indication categories outlined above are flexible, and clams for medica imaging agents need
not be mutudly exclusve. A labeed indication can include severa indication categories. For
example, adiagnostic radiopharmaceuticd could be developed as an ad in the diagnosis of lung
cancer for alabeled indication of disease or pathology detection or assessment. This
diagnostic radiopharmaceutica could also be evauated in subpopulations of patients with lung
cancer for its ability to provide information that leads directly to appropriate therapeutic
management decisions (e.g., based on test results, determining what combination of surgery,
radiotherapy, and chemotherapy is most appropriate).

Structura and functional aspects of diseases or conditions sometimes are eva uated together
with imaging in dlinica practice (eg., as during ultrasonography). In such cases, dlinicd studies
should eva uate the effect of the imaging agent on assessments of both structure and function.
For example, if gppropriate clinica studies are performed, an ultrasound contrast agent used to
asess blood-vessel patency could receive an indication both for structural delineation and
functional assessment. In thiscase, imaging studies might be designed o that structures of
blood vessels and any obstructions are eva uated with two-dimensiond ultrasonographic
imaging. The functional hemodynamic consequences of these obstructions might be evauated
with Doppler interrogation of the same vessdls.

For cdlams that do not fal within the indication categories identified above (e.g., providing
prognostic information), the applicant or sponsor should consult FDA on the nature of the
desired labeled indication and how to establish effectiveness for it.

V. DEMONSTRATING EFFICACY FOR MEDICAL IMAGING AGENTS

To establish an indication for amedica imaging agent, a Soonsor or gpplicant should characterize the
agent's dlinical usefulness and demonstrate that the informeation provided is valid and rdiable® Clinica
gudies should be performed in defined clinica settings that reflect the proposed indications. These
overarching principles are discussed in this section, as are the methods of establishing effectiveness for
gpecific indications.

8 Asused in this guidance, validity isaglobal concept that encompasses the quality of bias. Valid
measurements are close to the truth (have small bias). Reliability isaconcept that encompasses the quality of
precision. Reliable measurements are reproducible (have small variance).
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A. Clinical Usefulness

The effectiveness of amedica imaging agent is assessed by eva uating the agent's ability to
provide useful dinical information related to its proposed indication.® A medical imaging agent
that isclinically useful provides accurate and reliable information that adds to the
appropriateness of diagnogtic or therapeutic management, contributes to beneficia clinica
outcome, or provides accurate prognostic information.

Depending on the specific indication, clinical usefulness can be established directly, indirectly, or
higtoricaly. Clinicad usefulness should be established directly for indications in which it cannot
be established indirectly or higtoricaly. For example, clinica usefulness should be established
directly for amedica imaging agent that has been shown in aresearch setting to bind specificaly
to particular receptors, but where it has not yet been established that evaduation of such binding
adds to the gppropriateness of diagnostic or thergpeutic management, contributes to beneficia
clinical outcome, or provides accurate prognostic information. Clinica usefulness can be
edtablished indirectly in some cases, such aswhen it is reasonable to infer that the test results
lead to more gppropriate management. For example, if aproduct is able to establish the
diagnosis of early breast cancer, the clinica benefit of the use of this product can be inferred
because trestment options are available for this stage of the disease (i.e,, clinica usefulness has
been egtablished indirectly). Findly, clinica usefulness can be established higoricaly when
knowledge about the variable under study provides for an established clinica benefit. For
example, medical imaging agents used to detect abdomina masses that need further evauation,
or medica imaging agents used to determine cardiac gection fraction have clinica benefit that
has been established higtoricaly in the medicd literature. 1n such Stuations, dinica usefulness
can be documented by a criticad and thorough analysis of the medicd literature and any historica
precedents.

Test information thet isinaccurate or unreliable can detract from appropriate management
decisons, beneficid dlinica outcomes, or accurate prognogtic information. Therefore,
assessments of clinica usefulness should weigh the possible benefits of the test information
agang its possble detrimenta consequences. In such assessments of dlinica usefulness, the
possible benefits and possible detrimental consequences should be evauated both for their
quality and quantity.® For example, amoderate benefit from correct diagnosesin many patients
could be offset by the Sgnificant detrimental consequences of incorrect diagnosesin afew
patients (see Section X).

In some cases, information derived solely from atest with amedica imaging agent can be used
to dter diagnostic or therapeutic management appropriately or to improve clinica outcome.

® 21 CFR 315.5(a) and 21 CFR 601.34(2)

1911 decision analysis, the product of quality and quantity istermed utility.
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However, in many cases medicd imaging agents are used with other diagnostic information or
other diagnodtic tests. In dl cases, tests with amedica imaging agent should contribute dinicaly
ussful information.

Accordingly, sponsors seeking indications of structure delineation or functional,
physiological, or biochemical assessment should document how the medica imaging agent
contributes information that is clinicdly useful. For an indication of disease or pathology
detection or assessment, identification with sufficient vaidity and religbility of adisease or
condition is adequate to demondtrate clinical usefulness provided thet it is reasonable to infer
that the test results lead to more gppropriate management. For an indication of diagnostic or
ther apeutic patient management, experimenta demonstration that the use of the medica
imaging agent improves diagnostic or thergpeutic decisonsis sufficient to demondrate clinicd
ussfulness.

In addition, for a contrast agent to be considered dlinicaly useful, the product used in
combination with an imaging device should provide useful information or other advantages (such
asimproved imaging time or convenience) beyond that obtained by the imaging device aone.
Imaging with the contrast agent should add vaue when compared to imaging without the
contrast agent.

A plan for establishing clinica usefulness should be incorporated into the development plan of a
medica imaging agent. In generd, dinica usefulness should be evauated prospectively in the
principd clinica studies of efficacy (e.g., by incorporation into phase 3 protocols).

B. Validity of Information

The vdidity of information provided by a medicd imaging agent generdly should be established
in adequate and well-controlled studies. In clinicad studies, amedica imaging agent can be
shown to provide valid information in at least two ways.

1 Comparing the results yielded by the medical imaging agent with the results of a
truth standard (gold standard)™

2. Demondtrating that the use of the product contributes to beneficid patient
outcomes

In instances where a truth standard does not exist or cannot be assessed practically, sudies
generdly should be designed to evaluate the effects of the product on clinical outcomes. For
example, clinica outcomes could be assessed in a study designed to evauate the effects of the
medicad imaging agent on diagnostic or therapeutic management (see Section 1V.D.4).

1 see Glossary and Section VI.C.
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Documenting structurd or functiond facts about humans or providing structurd or functiond
data from gppropriate anima studies aso may be useful in establishing the vdidity of information
provided by a medica imaging agent (see SectionsIV.D.1 and 1V.D.2).

C. Defined Clinical Settings

A defined clinical setting should reflect the circumstances and conditions under which the
medica imaging agent is intended to be used. 1t delineates the patient population, relevant
avallable medical and diagnostic data, and diagnostic questions that characterize the
circumstances under which the medical imaging agent is intended to be used.*? Generaly, the
choice of anticipated |abeed indications will determine the clinica setting for thetrids. In some
cases, an appropriately designed tria may be able to include severd clinica settings.

For example, amedica imaging agent that helps visudize duodena ulcers could be developed
for usein different defined clinica settings. The agent might be developed for one or more of
thefollowing indications: to detect duodend ulcers in patients with gastrointestind bleeding, to
confirm the presence of suspected duodend ulcersin patients with equivoca findings on
radiographic examination of the upper gastrointesting tract, to evauate heding of duodend
ulcersin patients after initiad trestment, or to help determine whether patients with duodend
ulcers should undergo surgery or remain on maintenance medica thergpy. Smilarly, the defined
clinicd satting of a screening evauation differs from settings in which symptomatic individuds
with physica findings are evaluated. For example, the setting in which otherwise asymptomatic
hedlthy men undergo screening for progtatic cancer differs from a setting in which men with
urinary symptoms and physica findings are evauated for this condition.

The circumstances and conditions under which the medica imaging agent isintended to be used
should be evauated in clinicd trids and can be described in the labeling using the following
mechanisms

1. Specifying agpects of the medica history and physica examination that are
pertinent for determining the likelihood of the disease or condition that isin
question. For example, amedical imaging agent intended to detect breast
cancer might be evaluated for use in the assessment of (1) otherwise hedlthy
women over 40 years of age, (2) women presenting with papable breast
masses, or (3) women with afamily history of breast cancer.

12 Note that use of adefined clinical setting in studies of medical imaging agents also tends to anchor both the
pretest probability and the spectrum (e.g., severity or stage) of the disease or condition under study. Thus, when
evaluated in adefined clinical setting, diagnostic performance measures that vary with the pretest probability of the
disease or condition (e.g., positive and negative predictive values, accuracy), or that vary with the spectrum of the
disease or condition (e.g., sensitivity, specificity, positive and negative predictive values, accuracy) tend to take on
valuesthat arerelatively constant for that defined clinical setting.
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2. Specifying a patient population thet is a a particular ep in the diagnostic
sequence. For example, a diagnodtic radiopharmaceutical may be intended to
evauate patients in an emergency room with equivoca clinical and laboratory
findings of amyocardia infarction, or to evaluate the location and extent of a
myocardid infarction in patients with definitive findings

3. Specifying any other diagnostic assessments that are to be performed in the
evauaion of this patient population. This ddineation should include describing
how the medica imaging agent should be used with repect to other diagnostic
tests or evauations, including (1) whether the medica imaging agent isintended
to be used together with, or as areplacement for, other diagnostic tests or
moddlities and (2) how the use of the medica imaging agent is influenced by the
results of other diagnostic evduations.

For example, in the evduation of suspected pulmonary embolism, a medica
imaging agent could be developed either as a replacement for ventilation-
perfusion scanning or as an adjunct to ventilation-perfuson scanning. |If the
medica imaging agent is developed to be an adjunct to ventilation-perfuson
scanning, itsintended use will likely be influenced by the scan results. For
ingance, it may be intended for use in patients with scan results thet are
intermediate and not for patients with low-probability or high-probability
scans.™® Such amedica imaging agent should be studied in sufficient numbers
of patients with intermediate scan results.

Clinicd trids should prospectively evaduate relevant hypotheses about the demarcated patient
population in the dinica setting in which the medicad imaging drug or biologic is intended to be
used.

3 For the purpose of this example, intermediate scans are those with likelihood ratios for the presence of pulmonary
embolism that are greater than low-probability scans, but |ess than that of high-probability scans.
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Establishing Effectivenessfor Specific Indications

The effectiveness of medica imaging agents for specific cams should be established through
adequate and well-controlled clinical studies. The following sections describe how each of the
types of indications summarized in Section |11 can be established.

1. Structure Delineation

To provide adequate estimates of the vaidity and rdiability of the medica imaging agent
over the full range of conditions for which it isintended to be used, medicd imaging
agents intended for this indication should be evauated in studies with appropriate
representation of sufficient numbers of subjects (a) with and without abnormalities,
including the full spectra of anormality and normaity and (b) with other conditions,
processes, or diseases that could affect the interpretation of the imaging results (eg.,
inflammation, neoplasm, infection, trauma). Appropriate representation means that
the sudies generdly should include subjects that adequately represent the spectra of
normality and abnormality expected in the population in which the agent will be used.
Methods by which indications for structure delineation can be established are
described below.

For example, clinical trids of an agent intended to assess bronchiectasis should include
adequate numbers of subjects over the full range of disease severity (e.g., from no
disease to severe disease, or from early to late disease), subjects with loca or diffuse
disease, and subjects with related pulmonary disorders (e.g., chronic bronchitis,
pneumonia, asthma, cydtic fibrogs). Sponsors should judtify the inclusion or excluson
of seected subpopulations during clinical development.

a Locating and Outlining Norma Anatomic Structures

Anindication of delineating normal anatomic structures can be established by
demondrating in dinica studies that the medica imaging agent can religbly locate and
outline normd anatomic structures and reliably darify the spatia relationship of these
structures to other body parts.

In clinica studies, the vdidity of the delinestion generaly should be demongtrated by
comparing the performance of the medica imaging agent with that of areference
product or procedure of known high vaidity (i.e,, atruth standard). Idedly, the high
vdidity of this reference product or procedure should be thoroughly and criticaly
documented before initiating phase 3 studies.

In cases when vaid reference products or procedures are unavailable or cannot be used
feasbly, the vdidity of the information obtained with the medica imaging agent can be
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demongtrated with clinical studies that document how the product provides information
that is consstent with known anatomic and structura facts about the tissue, organ, or
body part in question. The sponsor should discuss these anatomic and structurd facts
with the Agency and carefully delineste and document them prior to initiation of phase 3
Sudies.

b. Digtinguishing Between Normd and Abnorma Anatomy

An indication for distinguishing between normal and abnormal anatomy can be
edablished by demongtrating in clinical sudies that the medica imaging agent can
reliably locate and outline both normal and abnormd variations of an anatomic structure,
and that the product is able to clarify the spatid relationships of the norma and
abnorma anatomic structures with respect to other body parts or structures.

Appropriate nondinica sudiesin relevant anima modds, if available, could provide
additiond information to support indications for structure delineation.

2. Functional, Physiological, or Biochemical Assessment

Thistype of indication can be established by demondirating in clinica Sudiesthat the
medicd imaging agent can reliably measure afunction, or aphysiologica or biochemica
process. These measurements generaly should be validated by comparing the
performance of the medica imaging agent with that of a reference product or procedure
of known high vaidity (i.e, atruth sandard). Idedly, the high vdidity of thisreference
product or procedure should be documented thoroughly and critically beforeitsusein
clinicd gudies

These studies should provide a quantitative or quditative understanding of how the
measurement variesin norma and abnormal subjects or tissues, including the variable's
normd range, distribution, and confidence intervals in these subjects or tissues. When
possible, the minimum detectable limits and reproducibility of the measurement should
be assessed.

To provide adequate estimates of the vdidity and rdiability of amedica imaging agent
over the full range of conditions for which it isintended to be used, medicd imaging
agents intended for this indication should be evauated in studies with appropriate
representation of sufficient numbers of subjects (a) with and without abnormdities,
including the full spectra of abnormality and normaity and (b) with other conditions,
processes, or diseases that could affect the interpretation of the imaging results (e.g.,
inflammation, neoplasm, infection, trauma). Appropriate representation means that
the studies should generdly include subjects that adequatdly represent the spectra of
normality and abnormality expected in the population in which the agent will be used.
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For example, dlinicd trids of amedical imaging agent intended to assess regiond
cerebral blood flow should include sufficient numbers of subjects who adequately
represent the full range of functiond, physiologicd, or biochemicd dysfunction

(e.g., from minimd or no perfusion to luxury perfusion) and subjects with inflammeatory,
neopladtic, infectious, or traumatic intracrania processes. Sponsors should judtify the
incluson or exclusion of sdected subpopulations during clinica development.

The agent's pharmacology in the setting of various functiond, physiologic, or
biochemical processes dso should be documented from appropriate studiesin relevant
anima species, if available, to help establish the vdidity of the information obtained with
the agent. These studies might include gpproaches such as induction of pharmacologic
perturbations in the system to be evauated (e.g., administration of a specific receptor
antagonist that results in dtered binding of the medical imaging agent); correlation with
other accepted means of measuring particular variables (e.g., evauation of the cardiac
gection fraction by comparison to results obtained with radionuclide ventriculography);
and in vivo or in vitro analyses (e.g., tissue autoradiography). Documentation should be
obtained in at least one gppropriate and relevant anima species, if available, in which
the particular function, physiology, or biochemidtry is sufficiently smilar to that of
humans

For example, full biochemica characterization of rodent brains by tissue
autoradiography may be appropriate for amedical imaging agent being developed to
evduate particular receptors within the central nervous system. Such characterization
could include in vitro receptor binding studies amed at determining the binding affinity
and specificity of the medica imaging agent. Such characterization dso could includein
vivo pharmacologic characterization of the distribution and density of the receptor in
rodents using the medica imaging agent, including sudies ng effects of receptor
agonigts and antagonists on the binding or locdlization of the medica imaging agent in the
brain.

3. Disease or Pathology Detection or Assessment

Anindication of disease or pathology detection or assessment can be established by
demondrating in adefined clinica setting that the medica imaging agent isable to
identify or characterize the disease or pathology with sufficient validity and rdiability. In
this context, the term validity refers to the overdl diagnostic performance of the
product as measured by factors such as sensitivity, specificity, postive and negative
predictive vaues, accuracy, and likelihood ratios. Having reliability in this context
means that the overdl diagnostic performance of the product has precison. The phrase
sufficient validity and reliability means vaidity and rdiability that are good enough to
indicate that the product could be useful in one or more defined clinical settings.
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Data demondtrating vdidity and riability should be obtained from patientsin defined
clinical settings reflecting the proposed indications. Patients can present for diagnostic
evauation of a gpecific disease or condition in various clinica settings. Even though
these patients may be under evauation for the same disease or condition, the likelihood
of presence of the disease or the spectrum of the disease (e.g., severity or stage of
disease) may vary in different dinica settings. The dinica ussfulness and the diagnostic
performance of the medica imaging agent may differ in each clinica setting. Pooling of
efficacy data across defined clinical settings may be of limited value, and the medica
imaging agent should be separately evaluated in sufficient numbers of patientsin one or
more settings. For example, pooling of efficacy data obtained with amedica imaging
agent from patients being evduated for early, locdized maignancy (one clinica setting)
with data from patients with advanced metastatic maignancy (another clinical setting)
may be of limited value because the diagnostic performance of the agent may differ in
these settings.

For amilar reasons, if amedica imaging agent is being developed to diagnose a
particular disease, efficacy trids generdly should enroll subjectsin whom the disease
gatus is unknown, but in whom specific aspects of the clinica presentation have led to
the desire for more diagnogtic information. That is, the trids should include the intended
population in the appropriate clinica setting. Data from subjects known definitely to
have (or to not have) the disease of interest may be of limited value because these
subjects are not the intended population for use of the medica imaging agent and
therefore do not represent the defined dlinical setting in which the medical imaging agent
will be used™ Such enrollment may generate biased estimates of diagnostic
performance because of spectrum bias.

Therefore, the medicad imaging agent should be evaluated in representative settingsin
whichitsuseisproposed. Anindication for disease or pathology detection or
assessment may specify the defined dlinica setting and specify that the medical imaging
agent should be used in conjunction with other tests.

4, Diagnostic or Therapeutic Patient Management

Anindication of diagnostic or therapeutic patient management can be established in
clinica sudies by demondrating experimentdly thet, in a defined dinicd stting, the test
isuseful in guiding gppropriate patient management.  Appropriate patient
management means that diagnostic or thergpeutic management decisions are vaidated
as being proper based on the correct diagnosis of the patient or based on clinica
outcomes. The correct diagnos's can be documented by comparison with valid
assessments of actud dlinica gaus (e.g., ahistologica diagnosis of maignancy),

4 These data are anal ogous to data obtained from a case-control study.
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through patient follow-up, or by evaluation of clinica outcomes. For thisindication,
specific hypotheses of how the medical imaging agent might be useful in diagnodtic or
thergpeutic management should be ddineated in the protocol. These hypotheses should
be tested prospectively in the clinica study and should be eval uated with endpoints that
asess the gppropriateness of patient management on clinical outcomes.

Medica imaging agents can be developed for indications of disease or pathol ogy
detection or assessment, or diagnostic or therapeutic management, or both. A
clarification of the distinction between these indications is gppropriate. The indication of
disease or pathology detection or assessment can be obtained by demongtrating, in a
defined dinicd setting, sufficient vdidity and reigbility of the medicad imaging agent to
imply dinicd ussfulness,

Theindication of diagnostic or therapeutic management will likely be more difficult to
edablish, given the same defined dlinical setting. Generdly, it will require prospectively
designed trids with the objective of evauating a specific hypothess of how the medica
imaging agent might be useful in diagnogtic or thergpeutic patient management in a
defined clinical setting. The trids might include randomization (whether or not to receive
the medica imaging agent), with an endpoint measuring gppropriateness of management
(given the ultimate correct diagnosis) or clinica outcome. Alternatively, dl patients can
receive the study drug or biologic if it is possble to determine both what the
management would have been had the medica imaging drug or biologic not been used
and what the management would be because of information provided by the medica
imaging agent. The trids should demondirate that management based on findings using
the medica imaging agent is superior to management without use of the medica imaging
agent. A patient management indication can specify that the medica imaging agent is
to be used in conjunction with other tests to influence a patient management decision.

A medica imaging agent intended to identify unrecognized disease in asymptomatic
individuds (eg., used in a screening setting) may obtain an indication of diagnostic or
thergpeutic patient management if it can be demondrated experimentaly that use of the
test decreasesirreversible morbidity or mortality. However, absent such an
experimenta demongtration, an indication of disease or pathology detection or
assessment for amedica imaging agent could be supported by providing existing data
that show that early detection and trestment of the disease decreases irreversible
morbidity or mortality. For example, an indication of disease or pathology detection or
assessment may be supported in such a circumstance by () clinical studies that
demondtrate that the screening test is reproducible and has adequate sendtivity and
specificity for the disease or condition of interest when it is gpplied to the population for
whom the agent is intended to be used and (b) sufficient documentation that therapy
would be more effective when the disease or condition is detected early by the medica
imaging agent than when it is detected later by usud clinica methods (see Section
IV.D.3).
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V. GENERAL CONSIDERATIONSIN THE CLINICAL EVALUATION OF
MEDICAL IMAGING AGENTS

Many considerationsin the clinical development of drugs and biologica products are discussed in
various ICH and FDA guidance documents,™ and the principles described in these documents also
apply when developing medica imaging agents. Generd developmentd principles include, but are not
limited to, demongtration of safety and efficacy; procurement of adequate dose-response,
pharmacodynamic, and pharmacokinetic data to support approval and specia issues, such as
congderation of drug metabolites, drug-drug interactions, and effectsin specid populations.

These guidances dso discussissues rdated to trid design, conduct, analys's, and how to report the data
fromindividud dlinica studies. The principles described in these documents gpply just aswell to
individud dinica studies of medica imaging agents. Some obvious rdevant topicsinclude determining
study objectives and study design; selecting subjects; evauating dosage; sdlecting control groups,
numbers of subjects, and response variables (i.e., endpoints or outcome measures); identifying methods
to reduce bias (e.g., by randomization and blinding), and identifying important issuesin datigticd
andyss.

However, the development of medica imaging agents for diagnostic purposes may aso raise issues
somewhat different from those raised during the development of thergpeutic drugs or biologica

products. These issues deserve specia attention. The following sections discuss some issues that are
particularly relevant to the development of medica imaging agents. Considering them during the product
development process should increase the efficiency of the clinica development of these products.

A. Phase 1 Studies

Phase 1 studies™® can include, but are not limited to, assessments of the safety of single,
increasing doses of adrug or biologic and evauations of human pharmacokinetics. Depending
on the drug or biologic and its potentid toxicities, phase 1 studies may begin in hedthy adult
subjects or in patients. Screening for potentiad human toxicities can include serid eva uations of
clinicd |aboratory tests (e.g., hematology, clinical chemigry, urinalyss), other laboratory tests
(e.g., eectrocardiograms), and adverse events (see Section X). Pharmacokinetic evaluations
should address the absorption, distribution, metabolism, and excretion of al components of the
formulation and any metabolites. Sponsors are encouraged to consult with the appropriate

5 seelcH efficacy guidances available on the Internet at http://www.fda.gov/cder/guidance/index.htm, or
http://www.fda.gov/cber/guidelines.htm.

16 See also guidance for industry, Content and Format of I nvestigational New Drug Applications (INDs) for
Phase-1 Studies of Drugs, Including Well-Characterized, Therapeutic, Biotechnology-Derived Products (November
1995).
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FDA review divison on pharmacokinetic issues. Evauation of amedicd imaging agent that
targets a specific metabolic process or receptor should include assessments of its potential
effects on directly related functions.

For diagnostic radiopharmaceuticals, organ and tissue distribution data over time should be
collected to optimize subsequent imaging protocols and caculate radiation dosmetry (see
Section X.C). Whenever possble, pharmacokinetic and pharmacodynamic evauations should
be made not only for the diagnostic radiopharmaceutical itself, but aso for the radionuclide and
for the carrier or ligand. The effects of large doses of the diagnostic radiopharmaceutica
(including the carrier or ligand and other via contents) should usualy be assessed. This can be
achieved, for example, by administering large doses of the medicad imaging agent with low
specific activity, by administering the contents of an entire vid of the medica imaging agent
(assuming that this approximates a worst-case scenario in clinica practice), or both.

B. Phase 2 Studies

Gods of phase 2 gudies of medicd imaging agents should indlude refining the agent=sdinicdly
useful dose range or dosage regimen (e.g., bolus adminigtration or infusion), answering
outstanding pharmacokinetic and pharmacodynamic questions, providing preliminary evidence
of efficacy, expanding the safety database, optimizing the techniques and timing of image
acquisition, developing methods and criteria by which images will be evduated, and evauating
other critical concepts or questions about the medica imaging agent.

While refining the agent’ s clinically useful dose range or dosage regimen, sponsors should
explore the consequences of dose (or dosage regimen) adjustment on image acquisition and on
the safety or effectiveness of the administered product. Additiona exploration that should be
consdered during these sudies include adjugting the following if relevant:

character and amount of active and inactive ingredients

amount of radioactivity

amount of nonradioactive ligand or carrier

specific activity

radionuclide that is used

Methods used to determine the comparability, superiority, or inferiority of different doses or
regimens should be discussed with the Agency. To the extent possible, the formulation that will
be used for marketing should be used during phase 2 sudies. When a different formulation is
used, bioequivaence and other bridging studies may help document the relevance of data
collected with the origind formulation.

Phase 2 studies should be designed to define the appropriate patient populationsand clinica
settings for phase 3 studies. To gather preliminary evidence of efficacy, however, both subjects
with known disease (or patients with known structura or functiona anormdities) and subjects
known to be norma for these conditions can be included in clinical studies. Methods,
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endpoaints, and items on the case report form (CRF) that will be used in critica phase 3 sudies
should be tested and refined.

C. Phase 3 Studies

The gods of phase 3 efficacy sudiestypicaly are to confirm the principa hypotheses devel oped
in earlier sudies, demongrate the efficacy and continued safety of the medica imaging agent,
and vaidate indructions for use and for imaging in the population for which the agent is
intended. The design of phase 3 studies (e.g., dosage, imaging techniques and times, patient
population, and endpoints) should be based on the findings in phase 2 studies (see Section
V1.B). Theformulation intended for marketing should be used, or €se bridging studies should
be performed.

When multiple efficacy studies are performed, the studies can be of different designs*’

To increase the extent to which the results can be generdized, the studies should be
independent of one another and should use different investigators, clinical centers, and readers
that perform the blinded image eva uations (see Section V1.B).

VI.  ADDITIONAL CONSIDERATIONSIN THE CLINICAL EVALUATION OF
EFFICACY

The following sections describe specid consderations for the evauation of efficacy in clinicd tridsfor
medica imaging agents, and they complement items discussed in Section V. Adequate and well-
controlled studies should be designed to reduce possible biases by incorporating design elements that
include, but are not limited to, gppropriate selection of subjects, appropriate blinding procedures, choice
of gppropriate endpoints, and use of suitable truth standards and reference tests (if rlevant). Sufficient
detail should be provided in the protocol and study report to permit adequate characterization of the
study population, imaging procedures, and other e ements in the design, conduct, and andysis of the

study.
A. Selecting Subjects

Subjectsincluded in critical clinica efficacy studies should be representative of the population in
which the medica imaging agent is intended to be used. The protocol and study reports should
specify the method by which patients were selected for participation in the sudy (e.g.,
consecutive subjects enrolled, random selection) to facilitate assessments of potential selection
bias. Other issuesin gppropriate subject selection for different indications are discussed in
Section IV.D.

Y See guidance for industry, Providing Clinical Evidence of Effectiveness for Human Drug and Biological
Products (May 1998).
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Subject selection for indications of (a) structure delineation, or (b) functional, physiological,
or biochemical assessment can in some cases be based on representative diseases that involve
gmilar dterations in structure, function, physiology, or biochemidry if it gppears that the results
can be extrapolated to other unstudied disease states based on a known common process.
Appropriate models should be selected on a case-by-case basis. Datato judtify incluson of a
particular disease should be thoroughly documented, as should the data to support why the
results obtained from the models can be extrapolated to other diseases.

To aid subsequent clinical use of the medica imaging agent, the pretest odds and pretest
probabilities of disease should be estimated for al subjects after enrollment, but before any trid
results are made available. Whenever possible, these odds and probabilities should be derived
from prespecified criteria of disease (e.g., higtory, physicd findings, results of other diagnostic
evauations) according to prespecified adgorithms. The estimated pretest odds and probabilities
of disease should be compared with the pretest odds and probabilities actudly observed in the
studies.

B. Imaging Conditions and I mage Evaluations

Medica imaging agents are used with many imaging moddities, and imaging data can be
acquired, reconstructed, processed, stored, and displayed in numerous ways. Because of this
heterogeneity, the sponsor may want to customize generd recommendations delinested below
for imaging and image evauation in dinicd tridsto fit a gpecific medica imaging drug, biologic,
or imaging moddlity.

The following sections use the term images in agenerd way. For example, an image of the
heart obtained with a diagnostic radiopharmaceutical or an ultrasound contrast agent may in
some cases refer to a set of images acquired from different views of the heart (e.g., short-axis
and long-axisviews). Smilarly, an image obtained with an MRI contrast agent may in some
cases refer to a set of images acquired with different pulse sequences and interpulse delay times.

1. Imaging Conditions

Conditions for usng a medica imaging agent with its corresponding imaging device
should be evauated during early product development. Subsequently, the imaging
conditions that are anticipated for clinica use should be employed in the principa
efficacy trids. For example, the effects of changes in rlevant imaging conditions (eg.,
timing of imaging after product adminigtration, views, insrument settings, patient
positioning) on image qudity and reproducibility, including any limitations imposed by
changes in such conditions, should be evauated in early product development.
Subsequent principd efficacy trids should subgtantiate and may refine these conditions
for use. Appropriate imaging conditions, including limitations, can be described in the
product labeling.
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2. Methods and Criteria for Image Evaluation

Methods and criteria for image evauation (including criteria for image interpretation)
should be evauated in early product development. Subsequently, the methods and
criteriathat are anticipated for clinical use should be employed and substantiated in the
principd efficacy trids. For example, early clinicd trids might compare ways in which
regions of interest on images are selected or waysin which an organ will be subdivided
on images for purposes of analyss. The most gppropriate of these methods could then
be incorporated into the protocols of the principa efficacy trids. Smilarly, early clinica
trids might eva uate which objective image features (e.g., leson conspicuity, redive
count rate density) appear to be most affected by the medical imaging agent and which
of these are mogt useful in image interpretation, such as making a determination of
whether amassis benign or malignant (see Section VI1.B.3). The most appropriate of
these criteria for image evauation could then be incorporated into the protocols of the
principa efficacy trids. Appropriate methods and criteriafor image evauation,
including limitations, can be described in the product |abding.

Sponsors should seek FDA comment on the designs and andysis plans for the principa
efficacy trids before they are finalized (see Section V.C). In addition, the following
elements should be completed and submitted to the IND before the principd efficacy
studies enroll subjects:

Proposed indications for use

Protocols for the principd efficacy trids

Investigators: brochure

CRFsto be used by on-ste investigators

Plan for blinded image evaluations'®

CRFsto be used by the blinded readers

Satidicd andyss plan

Pan for on-gte image evaduation and intended use of such evauation in patient
managemert, if any

Sponsors should submit asingle comprehensive statistical andysis plan for each
principd efficacy study. This statigtica andysis plan should be part of the study
protocol, should include the plan for blinded image evauations, and should be submitted
to the protocol before images have been collected.

3. Sepsin Image Evaluation

18 Blinded image eval uations may also be referred to asmasked or as uninformed image evaluations.
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Broadly spesking, the evauation of medical images conggts of two distinct steps.
ng objective image features and interpreting findings on the image.

a Assessing Objective Image Features

Objective image features are dtributes on the image that are either visudly perceptible
or that can be detected with instrumentation. Examples of objective image features
include sgnal-to-noise ratios, degree of ddinegtion; extent of opacification; and the Size,
number, or dendity of lesions. Objective image features can be captured on scales that
are continuous (e.g., the diameter of amass), ordind (e.g., afeature can be classfied as
definitely increased, probably increased, neither increased nor decreased, probably
decreased, definitely decreased), or dichotomous (e.g., a feature can be classified as
present or absent). Thus, areader who classifies the intensity of radionuclide
localization in atissue as decreased, Smilar, or increased compared to the surrounding
tissue is describing an objective image feature on aquditative (ordina) scde. That is, a
feature can be an objective one, even if the scae being used to measure it is quditative.

Medicd imaging agents have their intended effects by dtering objective image features.
Both the nature and location of such changes on the image should be documented fully
during image evaduationsin dinicd trids intended to demongrate or support efficacy.
Such documentation should include information not only on changes that are intended
and desdirable, but also on changes that are unintended or undesirable. For example, a
diagnodtic radiopharmaceutica intended for cardiac imaging dso might locdize in the
liver, thereby obscuring visudization of parts of the heart. Such effects should be
documented.

When possible, it is often desirable to perform both a quditative visud evauation of
images as well as a quantitative andyss of images with instrumentation. For example, a
quantitative image andyss with insgrumentation could help corroborate visud findings,
and such an andysis could provide important evidence that supports the efficacy of the
medica imaging agent. However, a quantitative image analyss with ingrumentation by
itsdf may not be sufficient to establish efficacy of the medica imaging agent, such asin
cases Where images are not intended (or not likely) to be evauated quantitatively with
ingrumentation in dlinica practice. In such cases, sudies should establish that visud
image evauations are cgpable of discerning changes caused by the medicad imaging
agent on the pertinent objective image features.

b. Image Interpretation

Animage interpretation is the explanation or meaning that is attributed to objective
image features. Interpretations of image features should be supported by objective
quantitetive or quditative information derived from the images. For example, the
interpretation that cardiac tissue seen on an imageisinfarcted, ischemic, or norma might
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be supported by objective image features such as the extent and distribution of
locdization of the medica imaging agent in the heart (e.g., increased, norma, decreased,
or absent), the time course of such localization, and how these features are affected by
exercise or pharmacologic stress.

4, Endpointsin Trials

Medica imaging agents can be developed for many different reasons, such asto help
make a diagnos's, to dter patient management, to ascertain the severity of a condition,
or to determine the prognosis of anillness. In clinicd trids designed to establish the
efficacy of amedicd imaging agent, aprincipa objective generdly should be to evduate
the effects of imaging with the agent on one or more of such dinicaly meaningful items.
Accordingly, as summarized below, the primary endpoints (response variables) in
clinica trids designed to establish or support the efficacy of amedica imaging agent
usudly should be directly related to such dinicaly meaningful items.

a Image I nterpretations as Endpoints

Image interpretations often have clinical implications, and such interpretations can be
incorporated into the primary endpoint in clinica trials designed to establish or support
the efficacy of amedicd imaging agent. For example, the primary endpoint (response
vaiable) of atrid for amedica imaging agent intended to aid in the diagnosis of lung
cancer, such asfor aclam of disease or pathology detection or assessment, might be
the proportion of subjects with and without the disease who are properly classified. In
this example, the interpretation that a pulmonary leson seen on animageis benign or
malignant has direct clinica meaning and can be incorporated into the primary endpoint.

b. Objective Image Features as Endpoints

When the dinicd implications of particular objective image features are apparent, the
objective imaging features can be incorporated into the primary endpoint. For example,
in astudy of amedica imaging agent intended for brain imaging, the ability to identify the
presence or absence of craniad masses on images has direct clinical meaning and might
be incorporated into the primary endpoint to serve as the primary basis for the
indication for the product (e.g., the medica imaging agent is indicated for detecting
cranid massesin patientsin aparticular defined dinica setting).

However, in some cases the clinical implications of particular objective image features
may not be readily apparent without additiond interpretation. In these cases, the
objective image features generaly should serve as secondary imaging endpoints. For
example, the finding that amedical imaging agent dters the conspicuity of masses
differentidly could lead to the interpretation that specific masses are benign or mdignant;
acute or chronic; inflammatory, neoplastic, or hemorrhagic; or lead to some other
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clinicaly meaningful deductions. Such interpretations can be incorporated into the
primary endpoint and can serve as the primary basis for the indication for the product.
In such a case, however, the objective image feature of lesion congpicuity might be
designated more gppropriately as a secondary imaging endpoint.

C. Subjective Image Assessments as Endpoints

Subjective image assessments, if included as endpointsin clinica trids intended to
demondtrate or support efficacy of amedica imaging agent, should be linked to
objective image features so that the objective basis for such assessments can be
understood. Subjective image assessments are assessments that are perceptible only
to the reader. Such assessments are not visually perceptible and cannot be detected
with ingrumentation. For example, a conclusion that use of amedicd imaging agent
dters diagnostic confidence is a subjective assessment asis the concluson that a
medica imaging agent provides mor e diagnostic information. Subjective image
assessments can be difficult to validate and replicate, and the possibility that substantia
bias has been introduced into such assessments often cannot be excluded. Accordingly,
subjective image assessments generdly should not be used as primary imaging
endpoints.

d. Clinical Outcomes as Endpoints

Clinica outcomes, such as measurement of symptoms, functioning, or survivd, are
among the mogt direct ways to measure clinica benefit. Accordingly, clinica outcomes
can sarve as primary endpointsin trias of medica imaging agents. For example, the
primary endpoint of atrid of amedica imaging agent intended for aclam of thergpeutic
patient management in patients with colon cancer might be a response varigble that
measures changes in symptoms, functioning, or surviva (see Section 1V.D.4).

5. Case Report Forms

Case report forms (CRFs) in trids of medica imaging agents should prospectively
define the types of observations and evauations for investigators to record. In addition
to data that are usuadly recorded in CRFs (e.g., incluson/exclusion criteria, safety
findings, efficacy findings), the ondte investigator's CRF for amedica imaging agent
should capture the following informeation:

! The technica performance of the diagnostic radiopharmaceutica used in the
sudy, if any (e.g., specific activity, percent bound, percent free, percent active,
percent inactive)
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1 The technicd characteristics and technica performance of the imaging
equipment (e.g., background flood, quality control andysis of the imaging
device, pulse height andyzer)

1 Methods of image acquisition, output processing, display, recongtruction, and
archiving of theimaging study

6. CRFsfor Image Evaluation

Imaging CRFs should be designed to capture imaging endpoints, including objective
features of the images as well as the location and interpretation of any findings.
Interpretations of image features should be supported by objective quantitative or
quditative information derived from the images. Image interpretations should be
recorded as digtinct items from the assessments of the objective image features. Items
on the CRFs for image evauation should be carefully constructed to gather information
without introducing a bias that indicates the answer that is being sought. The proposed
labeled indication should be clearly derived from specific itemsin the CRF and from
endpoints and hypotheses that have been prospectively stated in the protocol.

7. Blinded Imaging Evaluations

Image eva uations should be designed to demondirate that the medica imaging agent
provides useful clinical information about its proposed indications for use (see Section
IV.A). Moreover, image evauations should be designed to demondrate that the
specific effects of the medica imaging agent, as manifested in the images, provide such
information reproducibly and apart from other possible confounding influences or
biases. Thus, as described and defined below, blinded image evaduations by multiple
independent readers should be performed in the principa efficacy studies of diagnostic
radiopharmaceuticals or contrast agents.

Specificdly, afully blinded image evaluation or an image evaluation blinded to
outcome by independent readers generaly should serve as the principa image
evauation for demonstration of efficacy to support licensing of medica imaging agents™®
Such image eva uations can be performed through sequential unblinding. Both
primary and secondary imaging endpoints should be evauated with such image
evaluations whenever they are to be used to demonstrate or support efficacy. For
image evauations intended to demondtrate efficacy, the nature and type of information
available to the readers should be discussed with FDA before the trids are initiated.

In addition to the items outlined in the sections below, plans for blinded image
evauations should indude the following dements

19 See Section V1.B.8 for adefinition of independent readers.
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! The protocol should clearly specify the elements to which readers are blinded.

! Meanings of dl endpoints should be clearly understood for consstency. Terms
to be used in image evaduation and classfication should be defined explicitly in
the image evauation plan, including such terms as technically inadequate,
uninter pretable, indeterminate, or intermediate Blinded readers can be
trained in scoring procedures using sample images from phase 1 and phase 2
Sudies.

I Images should be masked for dl patient identifiers.

1 Blinded readers generdly should evauate images in arandom sequence.
Randomization of images refers to merging the images obtained in the study (to
the fullest degree that is practicd) and then presenting images in this merged set
to the readers in arandom sequence. For example, when images of severa
diagnogtic radiopharmaceuticas read by the same criteria are being compared
to establish relative efficacy (e.g., acomparison of atest drug or biologic to an
established drug or biologic), the readers generdly should evauate individua
images from the merged set of images in arandom sequence.

a Fully Blinded Image Evauation

At aminimum during afully blinded image evaluation, readers should not have any
knowledge of the following types of information:

1 Results of evaduation with the truth sandard, of the find diagnosis, or of patient
outcome

! Any patient-gpecific information (e.g., history, physical exam, laboratory results,
results of other imaging studies)

In some cases, genera inclusion and exclusion criteriafor patient enrollment, other
details of the protocol, or anatomic orientation to the images aso should not be
provided to the readers.

During afully blinded image evaluation in sudies where images obtained by different
treatments are being evaluated, readers should not have knowledge of trestment
identity, to the greatest extent to which that is possible® For example, in a comparative

2 Thisis the common meani ng of blinding in therapeutic clinical trials. See E8 General Considerations for
Clinical Trials (ICH) (December 17, 1997), and E9 Statistical Principlesfor Clinical Trials (ICH) (September 16,
1998).
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study of two or more medica imaging agents (or of two or more doses or regimens of a
particular medical imaging agent), the blinded readers should not know which agent (or
which dose or regimen) was used to obtain agiven image. For contrast agents, thisalso
can include lack of knowledge about which images were obtained before product
adminigration and which were obtained after product administration, athough
sometimes this is gpparent upon viewing theimages. In cases where the ingtructions for
image evauation differ according to treetment (e.g., as might be the case when images
are obtained using different imaging moddities), blinding the readers to trestment identity
may be infeasble.

b. Image Evauation Blinded to Outcome

Asin afully blinded image evaluation, readers performing an image evaluation
blinded to outcome should not have any knowledge of the results of evaduation with the
truth standard, of the final diagnosis, or of patient outcome.

However, in an image evaluation blinded to outcome the readers may have
knowledge of particular lements of patient-specific information (e.g., history, physica
exam, laboratory results, or results of other imaging studies). In some cases, the
readers o may be aware of generd incluson and excluson criteriafor patient
enrollment, other details of the protocol, or anatomic orientation to the images. The
particular eements of which the reader will have information should be standardized for
al patients and defined prospectively in the clinicd trid protocol, satistica plan, and the
blinded image evaduation plan.

In studies where images obtained by different trestments are being evauated (including
no treatment, such as in unenhanced image evauation of a contrast agent), the readers
should not have knowledge of treatment identity, to the greatest extent to which that is
possible (see Section VI.B.7.3).

c.  Sequentid Unblinding

In sequential unblinding, readers typicaly evauate images with progressvely more
information (e.g., dinica information) on each reed. Sequentia unblinding might be
used to provide incrementd information under a variety of conditions that may occur in
routine dlinicd practice (e.g., when no dinica information is available, when limited
clinicd informetion is available, and when a subgtantial amount of informetion is
available). This can be used to determine when or how the test agent should be used in
adiagnogtic dgorithm. A typicd sequential unblinding image evauation is athree-
step process.

A fully blinded image evaudionis performed. This evauation is recorded and
locked in adataset by methods that can be vadidated. In alocked dataset, it should
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not be possible to dter the evaluation later when additiond informetion is available,
or if input is received from the clinical investigators, other readers, or the sponsor.

An image evauation blinded to outcomeis performed. This evauation is recorded
and locked in the dataset.

To determine diagnostic performance of the imaging agent, the result of the above
two blinded evauations are compared to the results of evauation with the truth
gtandard (or of thefina diagnogs, or of patient outcome).

Such sequentid unblinding can be expanded to include other types of image evauations
where additiond clinica information is provided to the reeders. If sequentia unblinding
is used, the protocol should specify the hypothesis that is to be evauated a each step.
Also, the protocol should specify which image evauation will be the primary one for
determining efficacy.

d. Unblinded Image Evduations

In an unblinded image evaluation, readers are aware of the results of patient
evauation with the truth standard, of the final diagnodis, or of patient outcome.
Unblinded readers dso typicdly are awvare of patient-specific information (e.g., hisory,
physica exam, laboratory results, results of other imaging studies), of treatment identity
where images obtained by different trestments (including no trestment) are being
evauated, of incluson and exclusion criteriafor patient enrollment, other details of the
protocol, and of anatomic orientation to the images.

In tridsintended to demondtrate or support efficacy, unblinded image evauations can

be used to show consstency with the results of fully blinded image evauations or image
evauations blinded to outcome. However, unblinded image eva uations should not be
used as the principa image evauation for demongtration of efficacy. For example,
unblinded readers may have additiond information about patients that was not
predefined in the clinica trid protocol. Such additiond information may dter the
readers diagnostic assessments and may confound or bias the image evaluation by these
readers. Blinded and unblinded image eva uations should use the same endpoints so
that the results can be compared.

8. Independent |mage Evaluations

As dtated above, image evauations should be performed by multiple independent
blinded readers in trids intended to demondtrate efficacy of the medica imaging agent.
Two events are independent if knowing the outcome of one event says nothing about
the outcome of the other. Therefore, independent readers are readers that are
completely unaware of findings of other readers (including findings of other blinded
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readers and ongte investigators) and are readers who are not otherwise influenced by
the findings of other reeders. To ensure that blinded reader's evauations remain
independent, each blinded reader's evaluation should be locked in the dataset shortly
after it is obtained and before additiond types of image evauations are performed (see
Section VI.B.7.c.i).

a Consensus Image Evduations

Consensus image eval uations (consensus reads) are image evauations during which
readers convene to evauate images together. Consensus image evaluations can be
performed after the individua readings are completed and locked. However, readers
are not independent during consensus reads and therefore such reads should not serve
as the primary image eva uation used to demondrate efficacy of medicd imaging agents.
Although a consensus read is performed by severd readers, it is actudly asingle image
evauation and does not fulfill the need for image evauations by multiple blinded readers.
Aswith the individua blinded evaluations, the consensus reads should be locked once
obtained and before additiond types of blinded readings are performed.

b. Repeated Image Evauations by the Same Reader

In studies where readers evaduate the same image multiple times (e.g., asin sequentid
unblinding, or in readings designed to assessintrareader variability), the readings should
be performed independently of one another to the fullest extent practica. This means
that the readers should be unaware, to the fullest extent practicd, of their own previous
image findings and should not be otherwise influenced by their own previous findings.

Stated differently, such blinded reading sessons generaly should be desgned to
decreaserecall bias. For example, if an image evaduation blinded to outcome is
performed after afully blinded image evauation as during sequentid unblinding (see
Section V1.B.7.¢), different pagesin the CRF should be used for the two types of image
evauation, and each image evduation usudly should be performed with sufficient time
between readings to decrease recal and without reference to prior results.

0. Offsite and Onsite Image Evaluations

Offsite image eval uations are image evauations performed at Sites that have not
otherwise been involved in the conduct of the study, and by readers who have not had
contact with patients, investigators, or other individuas involved in the sudy. Trids
intended to demondtrate or support efficacy generdly should include offste image
evauationsthat are performed at alimited number of Stes (or preferably a a centrdized
gte). Insuch offste evauations, it is usualy easier to control factors that can
compromise the integrity of the blinding image evauations and to ensure that the blinded
readers perform their image eva uations independently of other image evauations. For
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example, offate readers generdly are not likely to have had any involvement with the
patients, investigators, or other individuas involved in the study. They are therefore
unlikely to become inadvertently unblinded to dinicd data or to become unintentiondly
aware of the results of image evauations by others, either of which could affect their
image evaudions,

Onsite image eval uations are image eva uations performed by investigators involved in
the conduct of the protocal or in the care of the patient. The term aso can refer to
blinded image evauations performed at Stes involved with the conduct of the studly.
Ongte investigators may have additiona information about the patients that was not
predefined in the dinicd trid protocol. Such additiond information may dter the
investigators diagnostic assessments and may confound or bias the image evauation by
the invedtigators. Therefore, ongte image evauations usudly should not be used as the
principa image evauation for demondration of efficacy but generdly should be
regarded as supportive of the blinded image eva uations.

However, if ongte investigators blinded to truth (e.g., blinded to any test result that
make up the truth standard, to the find diagnos's, and to patient find outcome asin an
image evauation blinded to outcome; see Section V1.B.7.b) are to perform image
evauations that are to be part of the demondration of efficacy, then al dlinica
information available to the investigator at the time of the image evaluation should be
clearly specified and fully documented. A critical assessment of how such information
might have influenced the readings should be performed. In addition, an independent
blinded evauation that is supportive of the finding of efficacy should be performed.

10.  Assessment of Interreader and Intrareader Variability

At least two blinded readers (and preferably three or more) should evaluate images for
each sudy that isintended to demondtrate efficacy. Thisdlowsfor an evaueation of the
reproducibility of the readings (i.e., interreader variability) and provides a better basis
for subsequent generdization of any findings. Idedly, each reader should view dl of the
images intended to demondtrate efficacy so that interreader agreement can be
measured. In large studies, where it may be impractica to have every image read by
each reader, a properly chosen subset of images can be sdected for such duplicate
image evauations. Congstency among readers should be measured quantitatively (eg.,
with the kappa atidtic).

Intrareader variability should be assessed during the development of medica imaging
agents.  This can be accomplished by having individud blinded readers perform
repested image eva uations on some or al images (see Section VI1.B.8.b).

11. Protocol and Nonprotocol Images
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Images obtained in adlinicd trid of amedica imaging agent can be classfied ather as
protocol or nonprotocol images.

a Protocol Images

For the purpose of this guidance, protocol images are images obtained under protocol-
gpecified conditions and at protocol-specified time points with the goa of demongtrating
or supporting efficacy. Efficacy evauations should be based primarily upon the
evauations of such protocol images. 1dedly, dl protocol images (e.g., not just those
images determined to be evauable) should be evaluated by the blinded readers,
including images of test patients, control patients, and normal subjects. Evauation of the
protocol images should be completed before other images, such as nonprotocol images,
are reviewed by the readers (see Section V1.B.11.b).

In some cases where large numbers of images are obtained or where image tapes are
obtained (e.g., cardiac echocardiography), sponsors have used image selection
procedures. This generdly is discouraged because the selection of images can
introduce the bias of the selector. In cases where presglection is thought to be needed,
the sponsor is encouraged to clearly identify and discuss the selection procedures with
the gppropriate Agency divison before their implementation.

Sponsors should specify prospectively in protocols of efficacy studies how missing
images (and images that are technically inadequate, uninterpretable or show results that
are indeterminate or intermediate) will be handled in the data andysis. For example,
images may be missng from analys's for many reasons, including patient withdrawa
from the study, technica problems with imaging, protocol violaions, and image sdection
procedures. Sponsors are encouraged to incorporate anayses in the statistica anadysis
plan that incorporate the principle of intention-to-treat, but which are adapted to a
diagnogtic setting (e.g., intention-to-image or intention-to diagnose).*

b. Nonprotocol Images

For the purpose of this guidance nonprotocol image refers to an image that isnot a
protocol image, as defined above (see Section VI.B.11.8). Nonprotocol images
include those that have been generated under conditions or & time points that were not
specified in the protocol. If such additional nonprotocol images are presented to the
blinded readers, they should be presented to the readers only after they have made and
locked their find reading of the protocol images.

2 Theintention-to-treat principle is defined as the principle that asserts that the effect of atreatment policy can be
best assessed by evaluating on the basis of the intention to treat a subject (i.e., the planned treatment regimen) rather
than the actual treatment given. It has the consequence that subjects allocated to a treatment group should be
followed up, assessed, and analyzed as members of that group irrespective of their compliance with the planned
course of treatment (See ICH E9; P. 49597).
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12.  Separate or Combined Image Evaluations

As described in the following sections, separate image eva uations by independent,
blinded readers should be performed in some studies intended to demondtrate or
support efficacy of amedica imaging agent. Combined image evauations by
independent, blinded readers may aso be useful in evaduating the efficacy of amedica
imaging agent. Regardless of whether a separate or combined image evaludion is
performed (or if both are performed), image evauations usudly should consist of
blinded, randomized, independent readings that are designed to evauate whether the
medica imaging agent contributes additiona useful information.

Performance of a separate image eva uation does not preclude performance of a
combined image evauation, and vice versa. Both types of image evauations can be
performed if desired. If multiple image evauations are performed, however, the
protocol should specify which image evauation will serve as the primary evauation and
which image evauations are secondary.

a Separate Image Evduations

In a separate image evaluation, areader evaluates test images obtained from a patient
independently of other test images obtained from that patient, to the fullest degree
practical . 1n such an evauation, the reader generally should not be influenced by
evauations of other test images obtained from that patient, including any previous
evauations of test images performed by the same reader for that patient (see Section
V1.B.8). In this context, other test images include those obtained under different
conditions (e.g., with different medica imaging agents) or at different times with respect
to agent adminigtration. In other words, in a separate image eva uation, a reader
evauates each test image for a patient on its own merits without reference to, or recal
of, any other test images obtained from that patient, to the fullest degree practicd.

A separate image eva uation often can be performed by combining test images obtained
under different conditions (or at different times) into an intermixed s&t. Imagesin this
intermixed set can then be evauated individualy in random order so that multiple images
are not viewed smultaneoudy, and so that images are not evauated sequentialy within
patients. Alternatively, test images obtained under one condition (or at a particular time)
can be evauated individually in arandom order, followed by an evauation in random
order of theindividua test images obtained under different conditions (or at different
times).

% n the special case where only two test images are being eval uated, a separate image eval uation may also be
referred to as an unpaired image evaluation.
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An gppropriately designed separate image eva uation can decrease biases that might
otherwise be introduced into an image assessment. As described in the first example
below, an appropriately designed separate image eva uation should be performed when
agod of the study is to make comparative inferences about product performance (e.g.,
to compare the diagnogtic performance of one medica imaging agent with another). As
described in the second example, an appropriately designed separate image evauation
as0 can be used to demondirate that a contrast agent contributes additional information
to images obtained with the device done.

Example 1. Comparative inferences of product performance

In acomparative study designed to show that the diagnostic performance of anew
medica imaging agent is superior to that of an approved agent and that the new agent
can subgtitute for the approved agent (see Section V1.D.1), an appropriate separate
image evauation of test images should be performed as the principd image andyss. The
test images in this case are the images obtained with the new and the gpproved medica
imaging agents. The two agents are not intended to be used together in actud clinica
practice, and therefore the god of such an unpaired image evauation should be to
show that the information obtained with the new agent is clinicdly and datigticaly
superior to the information obtained with the approved agent. For any given patient,
images obtained with the new agent should be evauated independently of the evaluation
of the images obtained with the approved agent, to the fullest degree practical.

If desired, a side-by-side (paired) comparison of images obtained with the new agent
and the approved agent can be performed as a secondary image anadlyss. However,
such a sde-by-sde comparison may yield estimates of diagnostic performance for the
new agent that are biased. For example, in a Sde-by-sde comparison of two medica
imaging agents intended to detect masses, a blinded reader who sees an easily
identifiable mass on an image obtained with the gpproved agent might be more likely to
identify amass on ajuxtgposed image obtained with the new agent — even if that mass
isnot seen clearly on the latter image. In colloquia terms, the blinded reader may tend
to overread the presence of masses on the image obtained with the new agent in such a
paired comparison. Smilarly, the blinded reader may tend to underread the imege
obtained with the new agent in a paired evauation where amassis not seen clearly on
the image obtained with the approved agent.

Example 2: Contribution of additional information by a contrast agent

In astudy intended to demonstrate that a contrast agent contributes additiona
information to images obtained with the device done, it is often highly desirable to
perform an gppropriate separate image evauation of test images asthe principa image
andysis (see the next section for an dternative approach). Thetest images, in this
case, include both the images obtained before adminigiration of contrast (the
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unenhanced images) and those obtained after adminigration of contrast (the enhanced
images).

For example, in sattings where the unenhanced image will not be used in clinica
practice, the principa image andyss should be a separate image evauation. The god
of such an unpaired image evauation should be to show that the information obtained
from the enhanced image is clinically and Satigtically superior to the information
obtained from the unenhanced image. For any given patient, enhanced images obtained
with the new agent should be evauated independently of the evauation of the
unenhanced images, to the fullest degree practical.

b. Combined Image Evauations

Inacombined image evauation, areader Smultaneoudy (or nearly smultaneoudy)

eva uates two or more test images that were obtained under different conditions or at
different times with respect to agent administration.”® A combined image evauation may
resemble the conditions under which the product will be used clinically. For example, in
some dlinica Stuations both unenhanced and enhanced imaging studies are typicaly
performed in patients. If so, such images often are evauated concurrently ina
comparative fashion.”* However, as noted above, such combined image evauations
may increase the likelihood that bias will be introduced into the image evaudtions (e.g.,
by systematic overreading or underreading particular findings on images).

A combined image evauation can be performed by creating a set of combined images
for each patient. These sets can then be presented to the blinded readersin random
sequence. For example, in studies of contrast agents, both unenhanced and enhanced
images can be obtained from each patient. Theimages for each patient, which were
obtained at different times and under different conditions, may be viewed smultaneoudy
by the blinded readers. Paired sets of images from different patients can be presented
to the readers in random sequence.

When thistype of reading is performed, however, an additiona independent separ ate
image evauation should be completed on at least one of the members of the
combination. Assuming that only one member is selected for this evaudtion, the
member chosen should be the member that usudly is obtained under the current
gtandard of practice (e.g., the unenhanced image). In thisway, differencesin the

% nthe special case where only two test images are being eval uated, a combined image eval uation may also be
referred to as a paired image evaluation.

2 images are evaluated only in acombined fashion, labeling of the medical imaging agent likely will specify that
combined evaluations should be performed in clinical practice. If such labeling restrictions are not desired, then
additional separate image evaluations should be performed.
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evauations of the combined reading with those of the separate reading can be assessed.
When the god is to show that the medica imaging agent adds information to images,
these differences should demongtrate that the information from the combined imagesis
cinicaly and gatisticaly superior to information obtained from the separate image aone.
The results of the combined and separate image evaluations can be andyzed satidticaly
using paired comparisons.

For example, when atwo-dimensiond ultrasound study of blood vesselsis performed
with amicrobubble contrast agent, a combined image evauation could be performed by
evauating for each patient the unenhanced and enhanced images side-by-side (or in
close tempord proximity). A separate independent evauation of the unenhanced image
of the blood vessd (i.e., images obtained with the device done) for each patient could
be performed. Assessing the differences for each patient between the results of the
combined reading with those of the separate readings will alow the effects of the
microbubble on the images to be determined.

As noted above, combined and separate image eva uations should be performed independently
of one another (see Section VI1.B.8.b). For example, to decrease recall bias, these combined
evauations should be designed to reduce the likelihood that the readers will be able to recall
their assessment of the separate image assessment (or vice versa). Thus, different pagesin the
CRF should be used for the combined and separate evauations, and the combined and
separate image evauations usudly should be performed at different times without reference to
prior results.

When differences between the combined and separate images are to be assessed, the
combined CRF and separate CRF should contain items or questions that are identical so that
differences can be calculated. On the separate CRF for a contrast agent, for example, the
readers can be asked to rate on an ordina scde (eg., 0, 1, 2, 3, 4) the clarity of border
delinegtion. The combined CRF should ask the same question and the difference in clarity
should be caculated. The purpose of this approach is to reduce potentia biases that may arise
if the CRF contains only questions or items that ask for relative judgments. If desired, however,
additional comparative questions and items can be added to the combined pages in the CRF.
For example, the readers can be asked to rate the relative clarity of border delineation in the
second image compared to thefirst (e.g., better, same, worse).

C. Truth Standards (Gold Standar ds)

A truth standard provides an independent way of evauating the same variable being assessed
by the investigationa medica imaging agent. A truth sandard is known or believed to give the
true state of a patient or true value of ameasurement. Truth standards are used to demonstrate
that the results obtained with the medica imaging agent are valid and religble. The following
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generd principles should be incorporated prospectively into the design, conduct, and analysis of
the mgor efficacy trids for medica imaging agents.

1. The true state of the subjects (e.g., diseased or nondiseased) should be
determined with a truth standard without knowledge of the test results obtained
with the medica imaging agent. In other words, the assessment of truth should
be blinded to the imaging results with the medica imaging agent under sudy.

2. Conversdly, test results obtained with the medica imaging agent should be
evauated without knowledge of the results obtained with the truth standard and
without knowledge of outcome (see Section VI.B.7). In other words,
evauaion of images obtained with the medica imaging agent should be blinded
to the assessment of truth. Such evaluations decrease diagnostic suspicion
bias.

3. Truth stlandards should not include as a component any test results obtained
with the medicd imaging agent (i.e, to avoid incorporation bias). Smilatly,
the truth standard for contrast agents should not incorporate the results of the
unenhanced image obtained with the device done. In other words, the truth
standard should be assessed independently of the imaging modality for which
the medica imaging agent isintended because the fegtures of the test image
obtained with the medica imaging agent (e.g., the enhanced image) are likdy
to be correlated to the features of the image obtained with the device done
(e.g., the unenhanced image). For example, in the case of aCT contrast agent
intended to visudize abdomina masses, unenhanced abdomina CT images
generdly should not be included in the truth standard. However, components of
the truth standard might include results from other imaging moddities (eg.,

MRI, ultrasonography).

4, Evauation with the truth standard should be planned for al enrolled subjects,
and the decison to evaluate a subject with the truth standard should not be
affected by the test results with the medica imaging agent under study. For
example, if patients with pogitive results with the test agent are evauated
preferentidly with the truth standard (as compared to patients with negative test
results), the results of the study may be affected by partial verification bias.
Similarly, if patients with pogtive results with the test agent are evauated
preferentidly with the truth standard and those with negative test results are
evauated preferentialy with alessrigorous standard, the results of the study
may be affected by differential verification bias.® Sponsors should seek
FDA comment when it is anticipated that a meaningful proportion of enrolled

% partial verification bias and differential verification bias are forms of diagnostic work-up bias.
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subjects might not be evauated with the truth stlandard or might be evaluated
with alessrigorous standard. 1n such stuations, it may be appropriate to
evauate clinical outcomes for the enrolled subjects (see Section 1V.D 4).

From a practical perspective, diagnostic standards are derived from procedures that are
consdered more definitive in gpproximating the truth than the test agent. For

example, histopathology or long-term clinica outcomes may be acceptable diagnostic standards
for determining whether amass is mdignant. Diagnostic slandards may not be error free, but
for purposes of the clinical trid, they generaly are regarded as definitive. It should be
recognized, however, that misclassification of disease by the truth sandard can lead to postive
or negative biases in diagnostic performance measures (misclassification bias). The choice of
the truth standard should be discussed with the Agency during design of the clinical tridsto
ensure that it is gppropriate.

Asnoted in the rule for diagnostic radiopharmaceuticals, a vaid assessment of actua clinica
status can be provided by a diagnogtic standard or standards of demondtrated vdidity. In the
absence of such diagnostic standards, the actud clinica status can in some cases be established
in another manner (e.g., through patient follow-up). However, when a suitable diagnostic
standard is unavailable or cannot be assessed practically, consderation should be given to
changing the focus of the study to eva uate the effects of the product on clinical outcomes (see
Section 1V.D.4).

Truth standards are typically other diagnogtic tests (e.g., tissue biopsy to evduate whether a
mass is maignant), but truth stlandards also can be gppropriate combinations of other clinica
dataand diagnogtic tests. For example, a definitive determination about whether a patient
enrolled inadlinica trid experienced an acute myocardia infarction could be obtained by
evauating the combination of patient history (e.g., nature and location of pain), 12-lead
electrocardiogram (e.g., Q waves or not), and serum levels of cardiac enzymes (e.g., cregtine
phosphokinase) according to a prespecified dgorithm. Using these data, a panel of experts that
is blinded to the medica imaging results yieded by the test agent might then make the definitive
determination about the presence or absence of disease (i.e., an acute myocardid infarction). In
some cases, such as cases of suspected chronic infection or malignancy, the truth standard can
involve obtaining dlinica follow-up for a period following the imaging.

D. Comparison Groups
Clinicd trids of medica imaging agents can include comparison groups for different purposes
and can incorporate them into trid designsin anumber of different ways. Before selecting

comparison groups, discussions with the Agency are recommended.

1. Comparison to an Agent or Modality Approved for a Smilar Indication
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In the event that the test agent is being developed as an advance over an approved
drug, biological product, or other diagnostic modality, a direct, concurrent comparison
to the approved comparator(s) should be performed. The comparison should include
an evauation of both the safety and the efficacy data for the comparator(s) and the test
agent. Theimage evauation for the test product or modality should be done without
knowledge of the imaging results obtained from the approved products or modadities
(see Section VI1.B.7).

Information from both test and comparator images should be compared not only to one
another but aso to an independent truth standard. Thiswill facilitate an assessment of
possible differences between the medica imaging agent and the comparator(s) and will
enable comparative assessments of diagnostic performance. Such assessments could
be obtained, for example, by comparing estimates of sengtivity, Specificity, pogtive and
negative predictive vaues, likelihood ratios, related measures, or receiver operating
characterigtic (ROC) curvesfor the different diagnostic agents. Note that two medical
imaging agents could have smilar vaues for sengtivity and specificity in the same set of
patients, yet have poor agreement rates with each other. Similarly, two medicad imaging
agents could have good agreement rates, yet both have poor sengtivity and specificity
vaues. In ROC andysis, overal areas under the curves obtained with different agents
may be comparable, but areas under partia spans of the curves may be dissmilar.
Likewise, one diagnogtic agent may have superior diagnostic performance
characterigtics over another a one point on the ROC curve, but may have inferior
diagnostic performance characteristics at a different point (see Section V1I).

When amedicd imaging drug or biologic is being developed for an indication for which
other drugs, biologica products, or diagnostic modalities have been approved, adirect,
concurrent comparison to the gpproved drug, biologic, or diagnostic modality is
encouraged. However, prior gpprova of amedica imaging agent for use in a particular
indication does not necessarily mean that the results of atest with that agent can be used
asatruth andard. For example, if amedica imaging agent has been gpproved on the
basis of sufficient concordance of findings with truth as determined by histopathol ogy,
assessment of the new medica imaging agent should aso usudly include determination

of truth by histopathology.

In studies that compare the effects of atest agent with another drug, biologic, or imaging
modality, images taken before study enrollment with the comparator drug, biologic, or
modality should not be used to determine whether a patient is enrolled in the study.
These images aso should not be part of the database used to determine test agent
performance. Such basdline enrollment images have inherent selection bias because
they are unblinded and based on referral and management preferences. All images used
to determine the efficacy of the test agent and the comparator drug, biologic, or
modality should be taken after sudy enrollment and within a time frame when the
disease process is expected not to have changed significantly.
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2. Comparison to Placebo

Whether the use of a placebo is gppropriate in the evauation of amedica imaging agent
depends on the specific imaging agent, proposed indication, and imaging moddity. In
some cases, the use of placebos can help reduce potentid biasin the conduct of the
study and can facilitate unambiguous interpretation of efficacy or safety data. However,
in some diagnogtic studies (such as ultrasonography), products that are generaly
congdered to be placebos (e.g., water, sdine, or vehicle) can have some diagnostic
effects. These should be used as controls to demongtrate that the medical imaging agent
has an effect above and beyond that of the vehicle.

VIl. STATISTICAL ANALYSS

Statistical methods and the methods by which diagnostic performance will be assessed should be
incorporated prospectively into the satistical analysis plan (see Section VI.B.2).

A. Statistical M ethods

Many studies of imaging agents are designed to provide dichotomous, or ordered, categorica
outcomes, and it is important that appropriate assumptions and statistica methods be gpplied in
their anadlyss. Statistical tests for proportions and rates are commonly used for dichotomous
outcomes, and methods based on ranks are often gpplied to ordina data. Study outcomes can
often be dratified in anatura way, such as by center or other subgroup category, and the
Mantel-Haenszel®® procedures provide effective ways to examine both binomia and ordina
data. Exact methods of analys's, based on conditional inference, should be employed when
necessary. The use of model-based methods should aso be encouraged. These models
include logistic regresson models for binomia data and proportiona odds mode s for ordina
data. Log-linear modes can be used to evaluate nomina outcome variables.

Dichotomous outcomes in tudies that compare images obtained after the test agent to images
obtained before the test agent are often andyzed as matched pairs, where differencesin
treatment effects can be assessed using methods for correlated binomia outcomes. These
sudies, however, may be problematic because they often do not employ blinding and
randomization. For active- and placebo-control studies, including dose-response studies,
crossover designs can often be used to gain efficiency. Subjects should be randomized to order
of treatment. If subjects are not randomized to order of treatment, the order in which images

% For more on thistopic, see Fleiss, Joseph, L., Statistical Methods for Rates and Proportions 2nd ed., 1981,
John Wiley and Sons, New Y ork; and Woolson, Robert, Statistical Methods for the Analysis of Biomedical Data,
1987, John Wiley and Sons, New Y ork.
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are evauated should be appropriately randomized. Study results from a crossover trid should
aways be andyzed with methods specificaly designed for such trids.

B. Diagnostic Performance

Diagnogtic validity can be assessed in anumber of ways. For example, both with unenhanced
and enhanced images, each could be compared to the truth standard, and the sengitivity and
specificity of the unenhanced image could be compared to that of the enhanced image. Two
different active agents can be compared in the same manner. Diagnostic comparisons can dso
be made when there are more than two outcomes to the diagnostic test results. Common
methods used to test for differences in diagnosis include the McNemar test and the Stuart
Maxwell test.?” In addition, confidence intervals for sensitivity, specificity, and other measures
should be provided in the andyses. Recalver operating characteristic andysis aso may be useful
in assessing the diagnostic performance of medica imaging agents over arange of threshold
vaues?® For example, receiver operating characteristic analysis can be used to describe the
relative diagnogtic performance of two medica imaging agentsif each test can be interpreted
using severa thresholds to define a positive (or negative) test result (see Section VI.D.1). For dl
planned Satistical andyses, details of the analysis methods and specific hypotheses to be tested
should be stated prospectively in the protocol as part of the statistical analysis plan. Sponsors
should seek Agency comment on the design and statistical gpproach to andyses before the
protocols are finaized.

VIIl. GENERAL CONSIDERATIONSFOR SAFETY ASSESSMENTS OF MEDICAL
IMAGING AGENTS

The sefety evduation of amedicd imaging agent is generdly Smilar to that of other drugs and biologicd
products. However, in many cases, the specia characterigtics of medica imaging agents alow
nonclinica and dinicd safety assessmentsto berdatively efficient. The following sections discuss the
specid characterigtics of amedica imaging agent that can lead to a more focused safety evaluation.
These characterigtics include its dose or mass, route of administration, frequency of use, and biologicd,
physicd, and effective half-lives®

A. Dose or M ass

27 \bid.

2 For an introduction to this topic, see Metz, Charles E. Basic Principles of ROC Analysis, Seminarsin Nuclear
Medicine 1978;V111(4):283-298.

%9 See also the final rule on devel oping diagnostic radiopharmaceuticals. When amedical imaging agent does not

possess any special characteristics, complete standard saf ety assessments should be performed.
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Medica imaging agents can be administered at low mass doses. For example, the mass of a
sngle dose of a diagnogtic radiopharmaceutica often can be rdatively smal because device
technologies can typicaly detect amdl amounts of aradionuclide. When amedicd imaging
agent isadministered at a mass dose that is a the low end of the dose-response curve for
adverse events, dose-related adverse events are less likely to occur.

B. Route of Administration

Some medica imaging agents are administered by routes that decrease the likelihood of
systemic adverse events. For example, medical imaging agents that are administered as contrast
media for radiographic examination of the gastrointestingl tract (e.g., barium sulfate) can be
adminigered ordly, through an ord tube, or rectdly. In patientswith norma gastrointesting
tracts, many of these products are not absorbed. Accordingly, systemic adverse events are less
likely to occur in these patients. Therefore, after a sponsor demondtrates that such a product is
not absorbed systemically in the population proposed for use, the product may be able to
undergo amore efficient safety evauation that primarily assessesloca organ system toxicity,
toxicities that are predictable (e.g., volume effects, aspiration), and effects after intraperitoned
exposure (e.g., after gagtrointestind perforation). However, if the product will be used in
patients with gastrointestina pathol ogies that increase absorption, additiona nonclinica and
clinica safety evauations should be performed.

C. Frequency of Use

Many medica imaging agents, including both contrast agents and diagnosgtic
radiopharmaceuticas, are administered relively infrequently or assingle doses. Accordingly,
adverse events that are related to long-term use or to accumulation are less likely to occur with
these agents than with agents that are administered chronicaly. Therefore, the nonclinical and
clinica development programs for such products can generaly omit long-term, or traditiond,
repeat-dose safety studies. That is, long-term repeat-dose toxicology studies (i.e., 3 months
duration or longer) are normaly not necessary for single-use agents.

However, in dlinica settingswhereit is possible that the medica imaging agent will be
administered repeatedly (e.g., to monitor disease progression), repest-dose studies should be
performed to assess safety and efficacy. Biologica medica imaging agents are frequently
immunogenic, and the development of antibodies after intermittent, repested adminigtration can
dter the pharmacokinetics, biodistribution, safety, and/or imaging properties of such agents and,
potentidly, of immunologicaly rdaed agents. Studies of immunogenicity in anima modes are
generdly of limited vdue. Therefore, clinica data assessing the repeat use of abiologica
imaging agent should generdly be obtained prior to gpplication for licensure of such an agent.

D. Biological, Physical, and Effective Half-Lives
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Diagnodtic radiopharmaceuticals often use radionuclides with short physica hdf-lives or thet are
excreted rapidly. The biologicd, physicd, and effective half-lives of diagnogtic
radiopharmaceuticals are incorporated into radiation dosimetry evauations™® that require an
understanding of the kinetics of the distribution and excretion of the radionuclide and its mode of
decay. Biologicd, physcd, and effective hdf-lives should be consdered in planning
gppropriate safety and dosimetry evaluations of diagnostic radiopharmaceuticals (see Sections
IX and X.C).

IX.  NONCLINICAL SAFETY ASSESSMENTS

The specid characterigtics of medica imaging agents described in Section VIII may alow for amore
efficient nonclinica safety program. The nonclinical development strategy for an agent should be based
on sound scientific principles; the agent's unique chemigtry (including, for example, those of its
components, metabolites, and impurities); and the agent'sintended use. Sponsors are encouraged to
consult with the Agency before submitting an IND application and during product development for
recommendations and advice about the overall nonclinical development plan and proposed nonclinica
protocols. In part, the number and types of nonclinical studies that should be conducted depend on the
phase of the development, what is known about the agent or its pharmacologic class, its proposed use,
and the indicated patient popul ation.

In the discussion that follows, a digtinction is made between biologica products and drug products (see
Section IX.A and Section 1X.B, respectively). Existing specific guidance for biological products, which
aretypicdly evauated in CBER, is referenced but not repeated here.

A. Nonclinical Safety Assessmentsfor Biological Products

Many biologica products raise relatively digtinct nondinica issues (e.g., immunogenicity and
species specificity). To ensure consstency with Section 351 of the Public Hedlth Service Act,
the following Agency guidance documents should be reviewed on the preclinical evauation of

biologicd medicd imaging agents.

I 6 Preclinical Safety Evaluation of Biotechnology-Derived Pharmaceuticals, ICH,
November 1997.

! Points to Consider in the Manufacture and Testing of Monoclonal Antibody
Products for Human Use, February 1997.

¥ Bjological half-life isthe time needed for a human or animal to remove, by biological elimination, half of the
amount of a substance that has been administered. Effective half-lifeisthe time needed for aradionuclide in ahuman
or animal to decrease its activity by half as a combined result of biological elimination and radioactive decay.
Physical half-lifeisthe time needed for half of the population of atoms of a particular radioactive substance to
disintegrate to another nuclear form.
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Sponsors are encouraged to consult with the appropriate CBER reviewing divison for
additiond information when needed.

B. Nonclinical Safety Assessmentsfor Drug Products (Non-Biological products)
The following sections describe ways in which nonclinical assessments of safety can be
performed for contrast drug products and diagnostic radiopharmaceutica drug products.
Sponsors are encouraged to consult with the gppropriate CDER reviewing divison for
additiond information when needed.
1 Contrast Agents
Because of the characteristics of contrast drug products and the way they are used,
nonclinica safety evaluations of such drug products can be made more efficient with the
following modifications

I Long-term, repeat-dose toxicity studiesin animals usudly can be diminated.

Long-term rodent carcinogenicity studies usualy can be omitted.®

Reproductive toxicology studies often can be limited to an evauation of
embryonic and feta toxicitiesin rats and rabbits and to eval uations of
reproductive organs in other short-term toxicity studies® However, a
judtification should be provided for any studies of reproductive toxicology that
are not performed, and aforma request should be made to waive them.*

Additiona safety condgderations for contrast drug products can include the following:
their large mass dose and volume (especidly for iodinated contrast materias that are
adminigtered intravenoudy); osmoldity effects; potentid transmetalation of complexes of
gadolinium, manganese, or iron (generaly MRI drugs); potentia effects of tissue or
cdlular accumulation on organ function (particularly if the drug isintended to image a
diseased human organ system); and the chemical, physiologica, and physica effects of
ultrasound microbubble drugs (e.g., codescence, aggregation, margination, and
caviteion).

3L Circumstancesin which carci nogenicity testing may be recommended are summarized in the ICH guidance S1A
The Need for Long-Term Rodent Car cinogenicity Studies of Pharmaceuticals, March 1996.

32 5ee S5A Detection of Toxi city to Reproduction for Medicinal Products (ICH), September 1994, and S5B
Detection of Toxicity to Reproduction for Medicinal Products: Addendum on Toxicity to Male Fertility (ICH), April
1996.

B \Waiver regulations for INDs are set forth at 21 CFR 312.10; those for NDASs appear at 21 CFR 314.90.
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2. Diagnostic Radiopharmaceuticals

Because of the characterigtics of diagnostic radiopharmaceuticals and the way they are
used, nonclinica safety evauations of these drugs can be made more efficient by the
following modifications

! Long-term, repeat-dose toxicity studiesin animalstypicaly can be diminated.
! Long-term rodent carcinogenicity studies usualy can be omitted.

! Reproductive toxicology studies can generaly be waived when adequate
scientific judtification is provided.®*

1 Because the radioactive component of the agent represents alikely genotoxic
hazard, waivers for the performance of genotoxicity studies generdly can be
granted when adequate scientific justification is provided.®

In reproductive toxicology and genotoxicity studies, components other than the
radionuclide should be considered separately because they may be genotoxins or
teratogens, causing effects that may exceed those of the radioactivity done.

Specid safety condderations for diagnostic radiopharmaceuticals can include
verificaion of the mass dose of the radiolabeled moiety; assessment of the mass, toxic
potency, and receptor interactions for any unlabeled moiety; assessment of potentia
pharmacologic or physiologic effects due to molecules that bind with receptors or
enzymes, and evauation of dl componentsin the find formulation for toxicity

(e.g., excipients, reducing drugs, Sabilizers, anti-oxidants, chelators, impurities, and
resdua solvents). Anindividua component should be tested if specific toxicologica
concerns are identified or if toxicologica data for that component are lacking.

3. Timing of Nonclinical Studies Submitted to an IND Application

Appropriate timing of nonclinical studies should facilitate the timely conduct of clinicd
trids (including gppropriate safety monitoring based on findings in nondlinica studies)

34 See ICH S5A and ICH S5B.

® see A Specific Aspects of Regulatory Genotoxicity Tests for Pharmaceuticals (ICH), April 1996, and S2B
Genotoxicity: A Standard Battery for Genotoxicity Testing of Pharmaceuticals (ICH), July 1997.
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and should reduce the unnecessary use of animals and other resources® The
recommended timing of nonclinical studies for medicd imaging drugs is summarized
below.

a Completed before phase 1
The following studies should be completed before phase 1:
1 Safety pharmacology studies. Particular emphasis should be placed on human

organ sysemsin which the medica imaging drug locdizes and on organ systems
that the product isintended to visudize, especidly if the organ system has

impaired function.
! Toxicokinetic and pharmacokinetic studies (see ICH guidances).
! Single-dose toxicity sudies. Expanded acute single-dose toxicity sudies are

strongly recommended.®>” However, if short-term, repeated-dose toxicity
studies have been completed, nonexpanded, single-dose toxicity studies may be
sufficent.

When repeated-dose toxicity studies have been performed but single-dose
toxicology studies have nat, dose sdlection for initid human studieswill likely be
based on the results of the no-adverse-effect level (NOAEL) obtained in the
repeat-dose sudy. Thiswill result in adose selection for initid human
adminigration that likely will be lower than otherwise would have been had
dose sdlection been based on the results of acute, single-dose toxicity studies.

! For medica imaging drugs that are administered intravenoudy: (1) loca
tolerance and irritancy studies, including eva uations of misadminigtration or
extravasation, (2) blood compatibility studies, including evauations of hemolytic
effects, and (3) effects on protein flocculation.

1 Radiation dosmetry, if goplicable.

I In vitro genotoxicity studies (see Section 1X.B.2 for diagnostic
radiopharmaceuticals).

% See M3 Nonclinical Safety Studies for the Conduct of Human Clinical Trials for Pharmaceuticals (ICH), July
1997.

¥ See s ngle Dose Acute Toxicity Testing for Pharmaceuticals, August 1996.
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b. Completed before phase 2
The following studies should be completed before phase 2:

1 Short-term, repeated-dose toxicity studies.

1 Immunotoxicity sudies.
1 In vivo genotoxicity studies (see Section 1X.B.2 for diagnostic
radiopharmaceuticals).

C. Completed before phase 3

Reproductive toxicity studies should be completed before phase 3, if needed (see
Section 1X.B.2 for diagnostic radiopharmaceuticals).

d. Completed no later than the end of phase 3
The following studies should be completed no later than the end of phase 3:
I Drug interaction studies.

1 Invivo or in vitro sudies that further investigate adverse effects seen in previous
nondinica sudies.

X. CLINICAL SAFETY ASSESSMENTS®

Indications for medica imaging drugs or biologica products should be supported with informeation
demondirating that the potentid benefits of the use of the medica imaging agent outweigh the potentia
risks to the patient. Potentid risks include both the risks related to adminigtration of the agent and the
risks of incorrect diagnogtic information. Incorrect diagnogtic information includes, but is not limited to,
inaccurate sructurd, functiond, physiologicd, or biochemica information; false poditive or fase negative
diagnogtic determinations; and information leading to inappropriate decisons in diagnogtic or thergpeutic
management (see Section IV.A). FDA weighs these potentid benefits and potentid risks when making
its decision about whether to approve a marketing application (e.g., NDA or BLA).

The specid characteristics of medica imaging agents described in section VIII may alow for amore
efficient clinica safety program. Moreover, this guidance defines two categories for medicd imaging

% Thefina rule, "Expedited Safety Reporting Requirements for Human Drug and Biological Products," October,
7,1997 (62 FR 52237).
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agents. Group 1 and Group 2. The extent of clinica safety monitoring and evauation differs for these
two categories. Medica imaging agents classified by FDA as Group 1 medical imaging agents will
usualy be able to undergo a more focused clinica safety evauation during development. Those agents
classfied by the Agency as Group 2 medical imaging agents should undergo standard clinica safety
evaudionsin clinicd trids throughout development.

In the discussion that follows, standard clinical safety evaluations include serid assessments of
patient symptoms, physica signs, clinicd laboratory tests (e.g., blood chemistry, hematology,
coagulation profiles, urinayses), other tests (e.g., eectrocardiograms as appropriate), and adverse
events. Additiona speciaized evauations should be performed when appropriate (e.g., immunologica
evauations, credtine kinase isoenzymes) or if a particular toxicity is deemed possible based on anima
studies or the known chemica or pharmacological properties of the medica imaging agent. These
gandard clinica safety evauations can be taillored based on the characteristics of the medica imaging
agent under study (e.g., dose, route of administration, frequency of use, and biologica haf-life), and on
the results of nonclinica safety assessments and the results of clinical pharmacokineti ¢/biopharmaceutics
gudies (see Sections VI and IX). The duration of clinical monitoring should be sufficient to identify
possible effects that may lag behind those predicted by pharmacokinetic anayses.

If some of these standard dlinicd safety evauations are felt to be unnecessary, this should be discussed
with the reviewing divison. Sponsors should seek FDA comment on the clinical safety monitoring plans
in clinical sudies before such sudies are initiated.

Note that under the safety-margin criteria described below (see Section X.A.1.8), medica imaging
agents that are administered in low mass doses to humans (e.g., diagnostic radiopharmaceuticals) usualy
aremore likely to be given a Group 1 designation then those administered in higher mass doses.®

There are important exceptions, including cases where the medica imaging agents are likely to be
immunogenic (eg., biologica products) or when medical imaging agents cause adverse reactions that
are not dose-related (e.g., idiosyncretic drug reactions).

A. Group 1 Medical Imaging Agents

A medica imaging agent can be classfied as a Group 1 medica imaging agent if it meetsthe
following three conditions:

I The medicd imaging agent meets either the safety-margin criteriaor the clinica-use
criteria described below (see Sections X.A.1 and X.A.2, respectively).

%9 Groups 1 and 2 include diagnostic radiopharmaceuticals. This classification conformswith the final rule for
diagnostic radiopharmaceutical's, which states that diagnostic radiopharmaceuticals may be categorized based on
defined characteristics related to their risk.
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! The medica imaging agent is not abiological product.*® #*

! The medica imaging agent is not a diagnostic radiopharmaceutica containing a
radionuclide that emits alpha or beta particles* *3

Standard dinica safety evauations should be performed in dl dlinica investigations of medica
imaging agents until a Group 1 designation isassgned. Once amedica imaging agent is granted
aGroup 1 designation, reduced human safety monitoring in subsequent human trias can be
planned. For example, human safety monitoring may be limited to recording adverse events and
monitoring particular organs or tissues of interest for toxicity (such as organs that showed
toxicity in the animd studies or the tissues in which the medica imaging agent locdizes).

A Group 1 designation can be retained throughout product development if safety concerns are
not raised subsequently in nonclinica and clinica studies. If safety concerns are identified, the
medica imaging drug can be given a Group 2 designation for the remainder of product
development.

1. Safety-Margin Criteria

Under the safety-margin criteria, medica imaging agents can obtain a Group 1
designation if, as described below, the results of nonclinical studies and initid human
experience both are cons stent with the conditions summarized in the following two
subsections (i.e., Sections X.A.l.aand X.A.1.b):

a Results of nondlinical sudies
To obtain a Group 1 designation under the safety-margin criteria, amedica imaging

agent should have an adequately documented margin of safety as assessed in the
nondinical studies outlined in the following list**

O Medical imaging products that are biological products, such as radiolabeled cells, monoclonal antibodies, or
monoclonal antibody fragments, will not normally be classified as Group 1 medical imaging agents because of their
potential to elicit immunologic responses.

4 See also thefinal rule, "Adverse Experience Reporting Requirements for Licensed Biological Products,” (59 FR
54042; October 27, 1994).

“2 This statement does not apply to diagnostic radiopharmaceuticals that are pure positron ($*) emmiters.

43 Group 1 diagnostic radiopharmaceuticals may include radionuclides, ligands, and carriersthat are known to be
biologically inactive. Thisgroup may include radionuclides, ligands, and carriers used at radiation doses or mass
dosages that are similar to, or less than, those used previously. This group also may include radionuclides, ligands,
and carriers that have been documented not to produce adverse reactions.
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The no-observed-adverse-effect level (NOAEL)® in expanded-acute, Single-
dose toxicity sudiesin suitable anima gpecies should be a least one hundred
times (100x) greater than the maximal dose and dosage to be used in human
sudies. Such expanded, acute, Single-dose toxicity studies should be
completed before the medica imaging agent is introduced into humans (see
Section 1X.B.3).

The NOAEL in safety pharmacology studies in suitable anima species should
be at least one hundred times (100x) greeter than the maxima dose and dosage
to be used in human studies. Such safety pharmacology studies should be
completed before the medica imaging agent is introduced into humans (see
Section 1X.B.3).

The NOAEL in short-term, repesated-dose toxicity studies in suitable animal
gpecies should be at least twenty-five times (25x) greater than the maxima dose
and dosage to be used in human studies®® Such short-term, repeated-dose
toxicity studies can be performed ether before the medica imaging agent is
introduced into humans, or concurrently with early human studies, but should be
completed before phase 2 (see Section I X.B.3).

To establish these margins of safety, the NOAEL s should be assessed in properly
designed and conducted studies and should be appropriately adjusted. Appropriately
adjusted means that dosage comparisons between anima's and humans should be
suitably modified for factors such as body sze (e.g., body surface area) and otherwise
adjusted for possible pharmacokinetic and toxicokinetic differences between animas
and humans (e.g., differencesin absorption for products that are administered oraly).

“In addition, the medical imaging agent should meet the conditions described for the results of initial human
experience (see Section X.A.1.h):

* For purposes of classification into Groups 1 and 2 in this section of this Guidance, the no-observed-adverse-
effect-level (NOAEL) is defined as the highest dose tested in animals with no adverse effects. In this context, an
adverse effect is an event that is reasonably serious and would be unacceptable if produced by theinitial dose of a
test agent in aphase 1 clinical trials conducted in healthy volunteers.

4 Short-term, repeated-dose toxicity studies may identify toxicities associated with accumulation of a medical
imaging agent or its metabolites. In addition, even if such accumulation is not anticipated (e.g., non-metabolized
medical imaging agents with short half-lives), short-term repeated-dose toxicity studies may identify toxicities caused
by repeated toxic insults, each of which may be below the threshold of detection in expanded-acute, single-dose
toxicity studies.
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Note that medica imaging agents granted a Group 1 designation should undergo other
nonclinica toxicologica studies as described in Section 1X, such as genotoxicity,
reproductive toxicity, irritancy studies, and drug-drug interaction studies.

b.

I. Possible exceptions to the safety margins

A Group 1 desgnation may be possble for some medicd imaging agents when
the NOAEL s are dightly less than the multiples specified above. Such
designations will be determined on a case-by-case bass. These determinations
will take into congderation, among other things, how close the NOAELs are to
the multiples specified above, the amount of safety information known about
chemicdly similar and pharmacologicaly related medica imaging agents, the
nature of observed animal toxicities, and whether adverse events have occurred
during initid human experience, including the nature of such adverse events (see
Section X.A.1.b).

ii. Formulations Used in Nondlinica Studies

The formulation used to establish safety margins in these nonclinical sudies
should be identical, to the fullest extent practica, to the formulation to be used in
cinica trids and tha isintended for marketing. Any differencesin the
formulations used in the dinica trids and nonclinical studies should be specified
S0 that any impact on the adequacy of the nonclinica studies can be determined.

In some cases, it may be infeasible or impractical to administer the intended
clinica formulaion to animasin multiples of the maxima human dose that were
specified above (e.g., the volume of such an anima dose may be excessive). In
these cases, dternative strategies can be employed, such as dividing the daily
dose (eg., into amorning and evening dose), or by using a more concentrated
formulation of the medica imaging agent. In cases when such dternative
drategies are infeasible or impractica, the maxima feasible daily dose can be
adminigered. If dternative dosing strategies or use of amaximd feasble daily
dose are being contemplated, sponsors are encouraged to discuss their plans
with FDA before studies are initiated.

Reaults of initid human experience

To obtain a Group 1 designation under the safety-margin criteria, the following
conditions should be met (in addition to the conditions described above for the results of
nonclinica sudies):

SAfety issues should not be identified during initid human use of the medicd
imaging agent in gppropriately designed studies that include adequate and
documented standard clinical safety evduations. That is, given the multiples that
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were pecified in anima studies for a Group 1 designation (see Section
X.A.1.9), identification of any adverse event during initid human use would be
consdered sgnificant, particularly if those adverse events were not predicted
from effects observed in animds. If adverse events occur a any time during
human studies, the medica imaging agent may be reclassfied as a Group 2

medica imaging agent.

Human pharmacokinetic studies should be performed in phase 1 to dlow
adequate comparisons of exposure to be made between humans and the
gpecies used in the nonclinica studies. Such pharmacokinetic data can dlow a
more meaningful assessment of the rlevance of the animd safety data (e.g.,
toxicokinetics).

FDA anticipates that most Group 1 designations based on the safety-margin criteria will
occur at the end of phase 1, after animd studies and initid human trids have been

completed and after dl the conditions specified under this section have been met.
2. Clinical Use Criteria

Another way that medica imaging agents can obtain a Group 1 designation is by

adequately documenting extengive prior clinica use during which safety issues were not
identified. This means that human toxicity or adverse events should not have been
observed during prior human use of the medica imaging agent when clinica doses
(including both mass and radiation doses, if gpplicable) of the agent were administered
under conditions where adequate safety monitoring was performed and the lack of
human toxicity was adequately documented. For example, previous human use of such
amedical imaging agent at relevant doses should not have been associated with adverse
events and should not have been associated with effects with potentid clinica
consequences.*” The methods used to monitor for adverse events and effects with
potentia clinical consequences should be documented to ensure that monitoring would
have been able to detect such adverse events and responses had they been present.

Group 1 designations based on the clinica-use criteria can occur at any time during drug
development (e.g., after the conditions specified in this section have dl been met).

" nthis context, effects with potential clinical consequences include pharmacologic, physiologic, biochemical or
structural activities that need not necessarily be adverse or toxic. However, localization of amedical imaging agent in
atarget organ or target tissue (e.g., by binding to atissue receptor) is not considered by itself to be a pharmacologic,
physiologic, biochemical, structural, or toxic effect, unless such localization produces perturbations that are clinically
demonstrable. Similarly, because these agents are intended for use in medical imaging, the ability to detect amedical
imaging agent in atarget organ or tissue by the intended imaging modality is not considered by itself to bea
pharmacologic, physiologic, biochemical, structural, or toxic effect.
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B. Group 2 Medical Imaging Agents

Group 2 medicd imaging agents are medica imaging drugs or biologica products that do not
mest the criteriafor Group 1 medica imaging agents. Group 2 medica imaging agents have
been shown to be, or can be presumed to be (e.g., biologica products) biologicaly activein
animd studies or in human studies when administered at dosages that are Smilar to those
intended for clinical use. Group 2 diagnostic radiopharmaceuticals are a subset of this group.®
For Group 2 medica imaging agents, slandard clinica safety evauations and monitoring should
be performed in clinicd trids.

C. Radiation Safety Assessment for All Diagnostic Radiophar maceuticals®

Radiation safety assessments should be fully documented for both Group 1 and Group 2
diagnogtic radiopharmaceuticals. The radiation safety assessment should establish the radiation
dose of adiagnostic radiopharmaceutica by radiation dosmetry evauations in humans and
gppropriate anima modeds. Such an evauation should consider dosmetry to the total body, to
specific organs or tissues (including critical or sendtive organs or tissues), and, as gppropriate,
to target organs or target tissues. The radiation doses of diagnostic radiopharmaceuticals should
be kept aslow as reasonably achievable (ALARA). The maximum tolerated radiation dose
need not be established. For diagnostic radiopharmaceuticas, estimates of the organ dosimetry
should be performed in animals prior to the first phase 1 study. Phase 1 studies of diagnostic
radiopharmaceuticals should include studies that will obtain sufficient data for dosmetry
caculations (21 CFR 312.23(a)(10)(ii)).

1. General Considerations

An IND sponsor should submit sufficient data from anima or human studiesto dlow a
reasonable cal culation of radiation absorbed dose to the whole body and to critical
organs upon administration to a human subject (21 CFR 312.23(8)(10)(ii)). Ata
minimum, the following organs and tissues should be included in dosmetry estimates:

(2) dl target organg/tissues, (2) bone; (3) bone marrow; (4) liver; (5) spleen; (6) adrend
glands; (7) kidney; (8) lung; (9) heart; (10) urinary bladder; (11) gall bladder;

(12) thyroid; (13) brain; (14) gonads; (15) gastrointestinal tract; and (16) adjacent
organs of interest.  When a diagnostic radiopharmaceutica is being developed for
pediatric use, it may be appropriate to evauate the radiation absorbed dosein dl

8 Group 2 diagnostic radiopharmaceuticals can al so include radionuclides and carriers that are known to be
biologically active. Thisgroup includes radionuclides and carriers used at radiation doses or mass dosages that are
higher than those used previously, including radionuclides and carriers that have been documented to produce
adverse reactions.

“9 This section is based largely on the radiation dosimetry section of CBER'sPointsto Consider in the

Manufacture and Testing of Monoclonal Antibody Products for Human Use, February 1997.
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organs, rather than in selected organs. Moreover, dosmetry evauations should be
performed in the pediatric age groups (e.g., neonates, infants, children, adolescents) in
which the diagnostic radiopharmaceuticd isintended to be used.

The amount of radiation ddlivered by internal administration of diagnostic
radiopharmaceuticas should be caculated by internd radiation dosmetry. The
absorbed fraction method of radiation dosmetry has been described by the Medica
Internal Radiation Dose (MIRD) Committee of the Society of Nuclear Medicine and
the International Commission on Radiologica Protection (ICRP).

The methodology used to assess radiation safety should be specified including reference
to the body models that were used. The mathematica equations used to derive the
radiation doses and the absorbed dose estimates should be provided aong with afull
description of assumptions that were made. Sample caculations and al pertinent
assumptions should be listed and submitted. The reference to the body, organ, or tissue
model used in the dosmetry caculations should be specified, particularly for new
models being tested.

Safety hazards for patients and hedth care workers during and after adminigtration of
the radiolabeled antibody should be identified, evaluated, and managed appropriately.

2. Calculation of Radiation Dose to the Target Organs or Tissues
The following items should be determined based on the average patient:
a The amount of radioactivity that accumulates in the target tissue(s) or organ(s)

b. The amount of radioactivity that accumulates in tissues adjacent to the target
tissug(s) or organ(s)

C. The residence time of the diagnostic radiopharmaceutica in the target tissue(s)
or organ(s) and in adjacent regions

d. The radiation dose from the radionudlide, including the free radionuclide and any
daughter products generated by decay of the radionuclide

e The total radiation dose from bound, free, and daughter radionuclides
associated with the diagnostic radiopharmaceutica, based on immediate
adminigration following preparation and upon delayed adminigtration at the end
of the dlowed shelf life

3. Maximum Absor bed Radiation Dose
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The amount of radioactive materia administered to human subjects should be the
amallest radiation dose that is practical to perform the procedure without jeopardizing
the benefits obtained.

a

The amount of radiation delivered by the internal adminigiration of diagnostic
radiopharmaceuticals should be caculated by interna radiation dosmetry using
either the MIRD or ICRP methods.

Because of known or expected toxicities associated with radiation exposure,
dosimetry estimates should be obtained as described above.

Cdculations should anticipate possible changes in dosmetry that might occur in
the presence of diseasesin organsthat are critica in metabolism or excretion of
the diagnostic radiopharmaceutical. For example, rend dysfunction may cause
alarger fraction of the administered dose to be cleared by the hepatobiliary
system (or vice versa).

Possible changes in dosimetry resulting from patient-to-patient variationsin
antigen or receptor mass should be consdered in dosmetry caculaions. For
example, alarge tumor mass may result in alarger than expected radiation dose
to atarget organ from adiagnogtic radiopharmaceutica that has specificity for a
tumor antigen.

The mathematica equations used to derive the estimates of the radiation dose
and the absorbed dose should be provided along with afull description of
assumptions that were made. Sample caculaions and dl pertinent assumptions
should be listed.

Cdculations of dose estimates should be performed assuming freshly labeled
materia (to account for the maximum amount of radioactivity) aswdl asthe
maximum shdf life of the diagnogtic radiopharmaceutica (to dlow for the upper
limit of radioactive decay contaminants). These calculations should (1) include
the highest amount of radioactivity to be administered; (2) include the radiation
exposure contributed by other diagnostic procedures such as roentgenograms
or nuclear medicine scansthat are part of the study; (3) be expressed as gray
(Gy) per megabecquerd (MBQ) or per millicurie (mCi) of radionuclide; and
(4) be presented in atabular format and include doses of individua absorbed
radiation for the target tissues or organs and the organs listed above in Section
X.C.L
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GLOSSARY

Note: Subjectsin trids of medical imaging agents are often classfied into one of four groups depending
on (1) whether disease is present (often determined with a truth standard or gold standard) and (2) the
results of the diagnogtic test of interest (pogitive or negetive). The following table identifies the varigbles
that are used to estimate the parameters defined below.

Test Result: Disease:
Present (+) Absent (-)
Positive (+) a b ml=atb =tr:rp
true positive=TP false positive=FP total with positive test
Negative (-) c d M2 = c+d = FN+TN
false negative=FN true negative=TN total with negative test
Nl=atc =Tp+FN N2 =b+d =rp+TN N = a+b+c+d
= TP+FP+FN+TN
total with disease total without disease total in study

Accuracy: (1) In common usage, accuracy isthe quality of being true or correct. (2) Asameasure of
diagnostic performance, accuracy isameasure of how fathfully the information obtained using a
medica imaging agent reflects redity or truth as measured by atruth standard or gold standard.
Accuracy isthe proportion of cases, consdering both positive and negative test results, for which the
test results are correct (i.e., concordant with the truth standard or gold standard). Accuracy =
(atd)/N = (TP+TN)/(TP+FP+FN+TN).

Likeihood ratio: A measurethat can be interpreted either as () the relative odds of adiagnosis, such
as being diseased or nondiseased, for a given test result, or (b) the rdative probabilities of agiven test
result in subjects with and without the disease. This latter interpretation is analogous to ardative risk or
risk ratio.

1 For tests with dichotomous results (e.g., positive or negative test results), the likelihood ratio of
a positive test result can be expressed as LR(+), and the likelihood of a negative test result can
be expressed as LR(-). See the equations below:

a a
LR(+)= nl _ _sensitivity _ TruePositiveRate _ | _ Pos{TestOdds(+)
b 1-specificity FalsePositiveRate nl PreTestOdds
n2 n2
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C C
LRO) = 1 _ 1-sensiivity _ FalseNegativeRate_  _ PosiTestOdds(-)
d  opecificity  TrueNegativeRate Nl PreTestOdds
n2

n2

LR(+): Interpreted as relative odds. LR(+) isthe post-test odds of the disease
(among those with a positive test result) compared to the pretest odds of the
disease.

Interpreted as relative probabilities. LR(+) isthe probability of a positive test
result in subjects with the disease compared to the probability of a podtive test
result in subjects without the disease.

LR(-): Interpreted as relative odds: LR(-) is the post-test odds of the disease (among
those with a negative test result) compared to the pretest odds of the disease.

Interpreted as relative probabilities. LR(-) is the probability of a negative test
result in subjects with the disease compared to the probability of a negative test
result in subjects without the disease.

2. For testswith severd leves of results, such as tests with results expressed on ordind or
continuous scales, the likelihood ratio can be used to compare the proportions of subjects with
and without the disease a different levels of the test result. Alternatively, the likelihood ratio can
be used to compare the post-test odds of disease at a particular level of test result compared
with the pretest odds of disease. Thus, the generdized likelihood ratio can reflect diagnostic
information & any leve of the test result.

Negative predictive value: The probability that a subject does not have the disease given that the
test result is negetive. Synonyms include predictive value negative. Negative predictive value = d/m2
= TN/(TN+FN).

By application of Bayes Rule, the negetive predictive value dso can be defined as a function of pretest
probability of disease (p), sendtivity, and specificity:

Negative predictive value = [(1-p) C specificity]/[(1-p) C specificity + p C (1-sengtivity)]

Odds: The probability that an event will occur compared to the probability that the event will not
occur. Odds = (probability of the event)/(1 - probability of the event).

Positive predictive value: The probability that a subject has disease given that the test result is
postive. Synonymsinclude predictive value positive. Pogtive predictive vdue=aml =
TP/(TP+FP)
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By application of Bayes Rule, the pogitive predictive vaue aso can be defined as afunction of pretest
probability of disease (p), sengitivity, and specificity:

Pogtive predictive vaue = (p C senstivity)/[p C sengtivity + (1-p) C (1-specificity)]

Post-test odds of disease: The odds of disease in a subject after the diagnostic test results are
known. Synonymsinclude posterior odds of disease. For subjects with a poditive test result, the post-
test odds of disease = alb = TP/FP. For subjects with a negative test result, the post-test odds of
disease = ¢/d = FN/TN. The following expression shows the generd relationship between the post-test
odds and the likelihood ratio: Post-test odds of disease = Pretest odds of disease x Likelihood ratio.

Post-test probability of disease: The probability of disease in a subject after the diagnogtic test
results are known. Synonyms include posterior probability of disease. For subjects with a positive
test result, the post-test probability of disease = a/ml = TP/(TP+FP). For subjects with a negative test
result, the post-test probability of disease = ¢/m2 = FN/(TN+FN).

Precison: A measure of the reproducibility of atest, including reproducibility within and across doses,
rates of administration, routes of adminigtration, timings of imaging after product adminigtration,
instruments, instrument operators, patients, and image interpreters, and possibly other variables.
Precison isusudly expressed in terms of variability, usng such measures as confidence intervas and/or
dandard deviations. Precise tests have relatively narrow confidence intervals (or reatively smal
standard deviations).

Pretest odds of disease: The odds of disease in a subject before doing a diagnogtic test. Synonyms
incdlude prior odds of disease. Pretest odds of disease = n1/n2 = (TP+FN)/(TN+FP).

Pretest probability of disease: The probability of disease in a subject before doing adiagnodtic test.
Synonyms include preval ence of disease and prior probability of disease. Pretest probability of
disease = nI/N = (TP+FN)/(TP+FP+FN+TN).

Probability: The likelihood of occurrence of an event, expressed as a number between O and 1
(indugve).

Recelver operating characteristic (ROC) curve: A graphica representation of pairs of vaues for
true positive rate (or senstivity) and the corresponding fal se positive rate (or 1-pecificity) for a
diagnogtic test. Each pair is established by classfying the test result as positive when the test outcome
equals or exceeds the vaue set by a given threshold, and negative when the test outcome isless than
this threshold value. For example, if afive-point ordina scaeis used to rate the likelihood of
malignancy for atumor (e.g., definitely benign, probably benign, equivocal, probably mdignant,
definitedly malignant), setting the threshold a equivocal will classfy tumors as mdignant (i.e,, a positive
test result) when the test outcomeis a thisleve or higher and will classfy tumors as nonmdignant (i.e, a
negative test result) when the test outcomeis less than thislevel. To generate an ROC curve, the
sengitivity and specificity of the diagnostic test are calculated and graphed for severd thresholds (e.g., dll

\CDS018\REGAFF\!GUIDANC\3646DFT2.DOC 58
June 19, 2000



Draft - Not for I mplementation

vaues of therating scde). In atypicd ROC curve, vauesfor true positive rate (or sengtivity) are
plotted on the vertica axis, and the corresponding vaues for fal se positive rate (or 1-specificity) are
plotted on the horizontd axis.

Senditivity: The probability that atest result is pogtive given the subject hasthe disease. Synonyms
indudetrue positive rate. Sengtivity = a/nl = TP/(TP+FN).

Specificity: The probability that atest result is negative given that the subject does not have the
dissase. Synonymsincludetrue negative rate. Specificity = d/n2 = TN/(TN+FP).

Truth standard (gold standard): An independent method of measuring the same variable being
measured by the investigational drug or biologic that is known or believed to give the true vaue of the
measurement.
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